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it UNITED NATIONS TECHNICAL ASSISTANCE
MISSION TO YUGOSLAVIA

Belgrade,
May 26th, 1953

Dear Dr. Hany

Iz accordance with your request I have studied the problem
of the Export «f Electric Energy from Yugoslavia. This study *!icluded visits
and personal ingpections of the power plants and power piant sites invol-
vede The results of my studies are summarized in the Recommendations and Re-
port : "EXPORT Ci' XLECTRIG ENERGY AS AN IMPORTANT FACTOR IN THE INDUSTRIALI-
ZATION AND FCONOMIG DEVELOPMENT OF YUGOSLAVIA", The study convinced me of the
importance or the Export of Energy, the feasibility of the export scheme and
the poseilality to start the export within so short a time as two years,

The recommended export scheme is an undertaking of considera-
ble magnitude, probably one of the largest single new undertakings in Yugo-
slavia, The time at my disposal was exceedingly limited: it was, therefore,
impossivls for me to go into details of the export scheme to an extent that a
project «i such importance would reguirs, My report gives only the general
outline anil the methods which should be used in handling the problem.

As 1 have already pointed out on many occasions, the successful,
speedy and ecconomic realization of such a project will require a veryﬂconside—
rable amount. of work to clarify the numerous problems, and to avoid mistakes

which may be exceedingly costly.

In that connection I -should like to stress once more that pro-
Jects of tuat kind cannot be handled in a disjointed manner by a number of orge-
nizations acting practically independently and without centralized guidance.
The most important problem of today is to create a centralized -energy export
agency and to staff 1t properly so as to obtain an organization of a superior
kind to which the . handling of & problem of such magnitude and importance could
be entrusted.

I wish to take this opportunity to tell you how much I appreciate
the assistance which I got from you personally, from the members of your organi-
zation and from the numerous persons who assisted me in my field work and in the
office. Without such help it would have heen impossible to make the Recommenda-
tiong and the Report that I am attaching hereto.

T am authorized to leave the Recommendations and the Report with
you with the distinet understanding that they are of preliminary nature only and
may bLe corsidered as final if and when aproved by the Technical Assistance Admi-
nistratiorn of the United Nationes., These Recommendations and the Report are being
translate! into Serbian. / .

Y
With kind regards

Sincerely yours

A. Vt Karpovl

Dr.3%jepan Han Consulting Engineer

Dirchtor
Instituta 21 Tehni8ko-Kkonnaska
IstraZivania - Beograd
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' SIEEJ

ELECTRIC ENERGY EXPORT SYSTEM OF YUGOSLAVIA

RECOMMEDNDATIONS

The importance of exports of elsctric energy for the economic development

bf Yugoslavia and the need to start them at the earliest possible opportunity should
be recognised. '

The four rivers: Cetina, Neretva, Trebisnjica and Zeta, and the Bohin) Lake
:hould be designated as sources of energy to be reserved exclusively for export pur-

poses as outlined in the report "Export of Electric Energy as an Important Factor in

he Industrialisation and Economic Development of Yugoslavia®.

II

The Electric Energy Export System of Yugoslavia "Sistem za izvoz elektridne

Inergije iz Jugoslavije" (SIEEJ) ghould be organised\at the earliest possible date,

fhe appointment of the Chairman, Chief Engineer and of the necessary staff should fol-

jow without delay. The general outlines of the system recommended in the report as it

[hould be developed by the year 13855 and up to and including the year 1961,‘are shown

n the attached maps Fig. 1 and 2 - "Recommended System Development 1955" and "Recom-

B-rded System Development 1961%, The years of initial delivery of each project and

B::c amount of energy that could be generated for export during each of the years 1955«

B956 inclusive are given in the attached Table I.

111

Yugoslavia should take the initiative in the matter and submit definite pro-.

Brsals as to the amount of energy to be delivered annually during the next few years.
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 he projects, specifications, and operation schedules of the system should be im-

Iv

A forcign currency leoan agreenent should be negotlatﬁd so that the first
1n -tallment of tne loan could be made available by the mlddle of 1053 In thin
fcase the exports of energy could be started at an annual rate of aboaunt 1,000 Million
ko as early as in winter 1955-56 reaching the maximum level of about 10,000 million K¥h in
{the course of the year 1961-62, The above level is to be maintained in the sub-

. gequent years. These amounts of energy correspond to a year of averare water flow.

v
"he loan agreement should preferably provide for a long term foreign ca-
ﬁ;ital loar to be made available in annual installments in the course of the next
?chen years. The proceeds of the loan will be augmented by investing a large part
;of the system’s profits as shown in the two financial gchemes, Variants "A" and "B",
in the attached Table II. Such a financing arrangement would make it possible to

gstart the work on the whole system at once.

Tf a foreign curreney loan could be arranged on the basis indicated in
. Variant "A" and if Yugoslavia is able to provide the local‘funds, an Energy Export

/. vem that would cost

515 Million Dollars plus 219 000 Million Dinars

could be built in Yugoslavia by investing the sum of \

219 000 Nillion Dinars

| during the years 1953-1961 and by paying in annual installments out of the income of

| the system a total sum of

296 Million Dollars

| during the years 1958-1983,

If Variant "B" is accepted the same Energy Export System will require the

investment of
167 000 Million Dinars

during the years 1953-1359 and the repayment from the income of the system of z total
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sum of

384 Million Dollars

in annual installments during the yesars 1959-1984.

Vi

If a straight loan could not be arranged, a combined foreign capital'

and machinery and squipment loan should be concluded.

The 121 shonld prepare a list of equipment and materials that will
be necessary for the construction of the system. The list should be divided into
two parts:

1. Egaiipment and materials to be supplied from abroad;
2 Zquiprent and materials to be obtained in Yugoslavia.
Tne loan should be su negotiated as to arrange for the supply of all

or part of equipment and materials to be listed under 1.

Vil

An energy delivery contract should be worked out in connection witﬁ,
the 11z:. agreement on the basis of proposals made by Yugoslavia. An agreement
should be signed with Italy, Germany and Austria epecifying the selling prices f
AT gnaranteed and non-gilacranteed winter and summer energy that Yagoslavlg wga1&uwmw$u
undertake tc deliver within regular integvals in the course of the'nextﬁ feﬁ
years, The price of energy should be higher during the oonstruet;op period and

L R

there should be a considerable difference in price between the ene;gy délivgre

during the winter and simmer periods.

VIII _
THe agrsed upon prise of winter and summer energy shouldrbéwéf
order that u profit large enough to make the proposition attractive for Yﬁgo la-

vis :0culd be obtained on it during the operation period. Table III gives ths

approximate cost and values of energy exported during a low water year. This
t1ble reflacts the advisability of obtaining a higher price for the energy duriﬁg
the construction period so that the earnings in foreign currency could be immediafe-‘ »

ly reinverteq, During the high reinvestment years 1955-1959 it would be
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B reasonable to reduce the profit margin., 4 major part or even the whole of the

?income obtained in these years as a result of the”highbrfénﬁfgy irics'éhoﬁiiiﬂir

 reinvésted in the system.

" IX

The loan and the energy selling agreements should be reached by nego-
tiations only. The amount of local currency that could be invested and rein-
vested must bhe fixed by the Yugoalgv financial experts. It is, therafore, im-
f rosuibl: o make very definite recommendations on these matters. ‘ The general
ontlines given in these Recommendations and discussed in more detail in the Re-
f port, if incorporated in the agreements, wilil effectivqu protect the interests
. of Yugoslavia, How far that can be accomplished and how much can be incorpo-
rated in the agreements that will finally he reached ‘depends on the skill of

the Yugrslav representatives conducting international negotiations and on the

quality and extent of information that the ISEEJ will put at their disposal

CATTAGHMENTS

Table I Initial Years of Delivery and Approximate Total
Yearly Gxport Generation

Table II Financial Arrangements Variants "A" and “B“

Table III Approximate Cost per KWh and Total Value of Ex-
portadble Energy

Figure 1 Recommended System Development 1955

Figure 2 Recommended System Development 1961
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© ~Table I

' ELECTRIG XNERGY EXPORT SYSTHEM OF YUGOSLAVIA

Initial Years of Dellvery and Approximate Total Yearly Export Generation.

Average yearly Total yearly
Projoect export genmeration export gereration
per project
1

Year of
initial

dotivery 00 Milljion KWh
——1000 M31

1, 1955 Jablanica - 0.77
2, 1955 Slovenia System _0.33 1.1

3, 1956 7eta witho:t atorage

5. 1957 Zeta with Pirst Step
of Storage 1.10 2,35
6. 1958 Glavatileve 0.40
7. 1958  Zeta Second Step of o .
Storage capacity 0.40 3.1
8, 1959  Rama 0,70
9, 1959 Cetina River Pirst Step 2,00
10, 1960 Trebisnjioa 2.35

11. 1961 Remainder of Neretva 7 ‘ »
River plants . 1.90 : 10,10

-
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Table IT ,
ELECTRIC ENERGY EXPORT SYSTEM OF YUGOSLAVIA
Financial Arrangements Variante "A" and "B"
.
oreign Currency -~
M {1 1 1 4 o n P o L 1 a r s
wear Loan Reinvestment Total Cost of com-
Variant Variant Variant Variant Variantes pleted portion
A B . A B A& B of sywstem
953 60,00 60,00 60,00
954 60,50 60.50 60.50 '
h 31,00 39,25 16.50 8,25 47.50 40,006
356 11,60 24,45 25,60 12.75 37.20 63 .65
457 0.30 17.90 35.20 17.60 35.50 . 86,15
958 5.45 29,00 23,60 29.00 99.75
L 559 24,50 24,50 " 24,50 ¢ 177.90
960 15.50 15,50 15.50 251.90
961 5,00 5.00 5.00 314.70
otal . 163, 40 207.50 151.20 107.20 314.70
inancial .
harges 132,72 176,90
otal 296,12 584,40
neal Querency =
M 1+ 1 1 i o-'n D 1 nar 8 -
car Loan Reinvestment Total Cost ofvcpm~_ -
Variant  Variant Variant Variant Variants pleted portion
A B A B A& B of system 7
§ 53 39 000 39 000 ' 39 000 B —
ERE 4% 000 43 000 43 000
&35 33 500 30 200 33 500 29 000
Y56 26 500 21 400 5 100 26 500 48 000
957 26 000 19 000 7. 000 26 000 64 000
95 21 500 12 000 9 500 21 000 74 000
9%9 17 500 2 500 16 000 18 500 128 000
0 7 500 7 500 7 500 181 000
ok 3 500 3 500 3 500 219 000
il 219 000 167 100 * .51 900 219 000

PP

Approved For Release 2010/09/10 : CIA-RDP83-00423R00‘0900250002-3



Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3

Table III,
ELECTRIC ENERGY EXPORT SYSTEM OF YUGOSLAVIA
Approximate Cost per Kwh and Total Value of Exportadble Energy
Low Water Year )
Variant "A" Variant "B Variants "A" & *B®
Export Cost of Value of Cost of Value of Cost of Value of
1000 Energy Energy Energy Energy Energy Energy
Million Mils Million Mils Million Dinars Million
Kwh per Kwh Dollars per Kwh Dollars per KWh Dinars
Conatruction Period
0,83 21,23 18 11.23 9 1.05 1 000
1,28 21,29 26 11.29 24 1.05 1 500
1.77 21,26 37 11,26 20 1.13 2 000
2436 16.60 39 11.10 26 0.99 2 300
4,02 12.04 48 11,39 46 0,98 4 000
6.15 6.77 41 T34 45 0.91 6 000
7457 4,30 33 ’ 5.39 41 2.25 17 OQO
Operation Period
7457 4.27 32 4,43 34 3,15 24 000
7457 3.90 30 4,06 31 2.94 22.200
757 3.58 27 3,68 29 2,73 20 600
7457 3423 24 331 25 2.53 19 200
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A, INTRODUCTION

Due to favourable topographic and rainfall conditioms, a large amount of
ydro-power poseibilities is available in Yugoslavia on a comparatively small area
257.000 kmz). It is estimated that it would be economic to develop § million kw
and to generate 52 billion Xwh in an average year, The o;pectationa are that the

industrialisation of the country will develop to such an extemt that 1t willlbo
possible to utilise all the hydro-power available within the country., It is obvi-
ous, however, that a few decades wili pass before the 1nduatrialisétion has ﬁa- .
vanced to a point when it would be posasible to utilise such an amount of ene;gy
in Yugoslavia, The problem that now confronts Yugoslavia is, therefore, either
develop hydro-electric projects slowly, so as to meet only the nesds of home in-
dustries and let the surplus of water go to waste, or to develdp kydro=-electric
possibilities quiokly and export a part of the energy produeedvuntil such time
when domestic use will have increased sufficiently to absorb all the energy pro-
duced,

At present, a considerable shoriage of power is developing in the indus-
trialised countries of Europe and demand for power is and will be such that im-

ported energy would always find a profitable market there.

~ The foreign countries bordering Yugoslavia on the north are Northern Itg-
ly and Austria. Most of the energy consumed in these countries is being genera-
ted in the Alps., Moreover, energy generated in the Alpas feeds Switzerland and
to a substantial extent Germany. All the four countries could be considered as

prospective consumera of energy to be directly or indirectly fmported from Yue
goslavia,

In commercial intercourse betwsen contries, Jjust aes between individuale
or organisations, it is necessary for the supplier to study and underutand nar- 7
ket conditions, Such a study should bde undertaken 80 that np point of advantage

e missed by the Yugoszlav representatives who will conduct negotiations with thg - )

the countries oconcerned.

All the countries in which a substantial part of energy is generated in
the Alps are dependent on the peouliarities-bt the waterflow in the alpine ri-
vers. In this region, most of the precipitation in winter is in the fors of
#now which accumulates on the mountain slopes and in the valleys, The posaidi-

lity of energy generation in the Alpe in winter months is, therefore, small,
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| In summer, to the contrery, mot only mormal rainfall water is availadle, but very

| large smounts of water are obtaimed ia addition to it from meltizg smow, ror‘yniu
reason there is a scareity of eleotrio energy im winter and an abundance of it in

summer in the region of the Alps. To oqualile the summer and winter oonaitionc it

would de necessary to provide large :tor;go reservoirs 1n which water oould be ac~-

oumulated during summer to be used in winter monthe of uater scarcity.

The industrial countries of Burope are highly developec and densely p§pu1l-
| ted, It is therefore very diffiealt, in fast impossible, to create sufficiently
large storage reservoirs, The actual remedy would be to build therméplants the
operation of which ias very expen-ivo in contral and Southera lnropo. As a roault

of all these oonnideration-, there is a Yeory lubotuntial ditforence 1n priae bet-
woen the energy that could dbe bought ia wintnr and that supplied in summer,

There are instances vhon Baropean countries find it profittblo to pay five

tilol as much per kwh of energy delivered in winter as they do 1n summer, It ie

not 11ke1y that the difference in cost between enorcy suppliod 1n wintor and tnl-i B
mer will decrease. With the develop-ent of the countrtol couoerned tho nhortage -
of winter energy will become more acute and it may be expected that the difference
i in ﬁrioe will further increase or, at least, remain on the same lovelias at pre~
sent,
| These market conditions oreate a peculiar problon for prouﬁeotivo lnpplieis
| of energy, as for instance, Yugoslavia, It is obvious thnt no partionlsr advnntacorﬂ
» oould be gained by supplyimg summer oNnergy.

Yugoslavia has two possibilities : either to oroato large storage roler-
voirs in which water could be _acoumulated, or to exploit tho poﬁhliaritiea of tho
Adriatic drainage basin, In this basin comparatively little snow is accumulated in
winter and a major part of water feeding its rivers comes trom abdundant reiafall
during the cold season. The moisture-saturated olouds oéming from the Adriatie
discharge rain over the western slopes of. the Dinar iountain- and the wa£erodursos
| fed by these rains flow dack into the Adriatic Sea, Bivorc in other parts of Yugo-

slavia do not have such a pronounced abundance of water 1n winter; their summer

flow is orten more plentirul though it seldom rsaches the same degroe of sbundanoo S

as that obaerved;in alpinz rivers in summer, .

In general, it may be stated that the difference in prioa of summer and
winter energy presents a considerabdle advantase to Yhsoalavia and no measures
should be supported by Yugoslavia that would. tend to reduce it,

Practically, that would mean thst any acoumulation of water during summer
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® that would permit increased snergy generation durins ‘winter should be s0 far as

export a minimal amount of energy durimg summer. Any excess in Yugoslav exports
of low cost summer energy would make it possidle for the energy consuming countries
to improve their summer acoumulatios of water and, therefore, increase their owa

generation of high cost winter energy,

The market conditions in Southern Europe indicate, therefors, the aévisabi-

| 1ity of supplying the largest possible amounts of winter energy and of roduoing to
the minimum the amounte of summer energy exports,

If a -peedy development of the major hydrqelectric projects of Yugoslavia
wore attained it could be possible to arrarge a power gxp&rt'igt.up most favoura-
ble to Yugoslavia. For the next decads or two Yusoslavia would supply s ;radn:lly
inoreasing amount of winter energy and a véry small anonnt of summer energy. When
all Yugoslavy power export possidilities will have been utilised for a rew years,

no further increase in the amount of exported epergy should be expocted. Att.r

lisation of Yugoslavia will have made sufficient headway,

Ultimntely, when Yugoslavia is able to conaume all its energy, only an e:ohan-
‘ge of energy with foreign countrios will still be posaiblo, - Yusoslnvia axporting

a large amount of winter emergy and 1mporcing [ 3 oorresponding amount of summer
energye At the stage of development, however, when Yugomlavia would balance her
imports and exports of enersy, the payment position would be very tdvantugeons f;rui

it, owing to the higa cost of winter anergy, .and the comparatively low price of
the summer &nergye.

The economic advantages,both present and future, ot developing ?u&h an ;nof-

gy export-import pattern in Yugoslavia are so obvlous that the apeeding up ot con-

struction of electric energy projects should undoubtodly be glven first priority,
80 that the export of energy might be started as early ss possible,
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B. RIVER REGIMES OF YUGOSLAVIA

characterised by small discharges in winter and large ones in summer, Most of
these rivers originate or flow in the Republic of Slovenia, The rivers of the ‘
Adriatic drainage basin, to the contrary, have larger discharges in winter and
smaller ones in summer, The rivers bolonéing to the Black Sea and the Aegeian
drainage basins have less variation between the winter and summer duscharées al-

though some of them have very small summer discharges.

The attached diagream "Hydrographs of Alpine and Meditsrranean Type of

Rivers" gives a comparison of the water disohargeé of the Drava River (typical of

typical Adriatic drainage basin river.

A study of that diagram shows how the Adriatic coest rivers can ve
usad to cover the deficiencies in winter generation of the alpine rivers. It may
2lso be perceived that it would not be possible to utilise any of the Adriatie 7
coast rivers rationally and without water losses unless sufficient gtorage ocapa-
2ity has been provided. When storage capacity is available, the water peaks oan

be stored in reserveirs and utilised for energy generation.

If the slpine rivers are to be utilised for energy gemeration during
winter, very large storage capaeities will be required. Much smaller etorage oapa-

city would be necessary for the summer utilisation of these rivers.

The Adriatic drainage basin rivers to the contrary can deliver winter
energy with & comparatively small storage oapacity.‘tf thoy are to deliver large

anounts of energy in eummer, very large storage basins will bde roquiréd,

The energy generation capacity of the three basins into which Yugosla-

via can be divided e as follows :

Drainage Basin Theoretinal Practicclb4‘TL”xiw
Million Kwh Million Kwh
Black Sea 72 000 . 30 000
Adriatic Sea 30 500 19 000
Aogeian £ 500 3 0060
109 000 52 000
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Some of the rivers in Yugoslavia have a waterflow of the alpine type

the alpine category) with those of the Cetina River, which can be considered as &
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The theoretical generation estimates are based on the total estimated ave-

age amounts of water and head aveilable, The practical gene:a.tion estimates are
summarisation of the generation capacity of projects that have already been in-

estigated,

The attsched "Map of Gross Water Power Resources® indicates the locations -

t the power resources, (Fig. 4)

Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3



fig3
APPFOVeq_IEg\[U%sL%?SG 2010/09/10 : CIA-RDP83-00423R000900250002-3 /Qe,DOI‘t by
ALPISKOG | PRIMORSKOG o /
TIPA. REKA A.V. KARPOV

HYDROGRAPHS OF ALPINE AND
MEDITERRANEAN
TYPE OF RIVERS

ORAVA

| , L-PMARIBOR
1 (1922~ 1941)

b @m=353m¥s |

! f

er{ cermA uskﬂ/

1007,

am DRAVA ~Ln 333

/_1 _
N

CETINA - TRILI
| v (1895 - 1900)
P

Qm=» 116 mds

} i m v \' viooovib vt i X LY V]

12RAD10 Dr. Ing. V. «S“?eb/byen
Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3




Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3

b .
KARTA BRYTO VODNIH SNASA

LEGERDA:

|
@ FOWCENTRACKIA ENERSIE 00 10000 Xh
sowce comcenTaATI N or
-

HAL, G2 INOSTRANSTVO
i V2 VveoSLAVIA , Y@ FomEIen
°
o voowE Ace.

T o —

un |
JUBOSLAYIJE

,.__

P T
e T ,“,,.j‘
Fig 4 i

Report by ]

i “Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002.3

AV.KARPOV
|




Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3
c~-1

Ce HYDROELECTRIC ENERGY SOURCES

When the hydroeleotric sources for domestio snd export requirements are

ing considered, they could be divided into three catsgories :

e Bun-of-rivér Blants on rivers having a larger water flow in summer
4 a smaller one in winter.

b, Run-of-river plants on rivers having a large winter water flow and a
21l summer flow.
o, Storage power plants in which water can be accumulatad during high

ter season and discharged to the power plants at such times when energy is most

jaded,

Each of these kinde of power plants has its place in the power develop-
nt of Yugoslavia provided a proper balance has been attained that would answer

e requirements of overall energy demand in the country.

No particular importance should be attached to the theoretical amount
energy that can be generated, This figure has no signifioance. It is important

know the amount of energy that can practically be generated and consumed,

In Yugoslavia today there is a tendency to build a large number of run-

-river plants. Theoretically & oonaide:able amount of enérgy could be generated
these plants, Practiocally, the emount of energy that could be generated and

neumed is much smaller, There is no posﬁibility to adjust the load to quiockly
ging river flow conditions, The only method by whioh the generation of run-of-
iver plants can be fully utilised is to provide a balancing energy souroe which
ould have the task to keep the energy generation more uniform. S8uch a regulating
lant would supply energy during the low water season and may be aﬁut down during
igh water periods. Thermoplanis or waier storage plants oan be used for this pur-
ose. In Yugoslav conditions thermo-plant energy is expensive; it is mecessary,
erefore, to d;termine the extent to which it would be economioal to build sto-

ge power élanta in preference to thermo-plants.

Such regulating power plants aﬁe of particular importance imn connection
th the energy export problem, No energy importing counmiry ocould afford to pay a
gh price per kwh of energy for irregular and varying aupply,‘at a time when 1t
eede a more uniform flow of emergy. Esch energy importimg country, however, wi}l‘
e prepared to pay & high price for a speoified amount of energy to be delivere&
i1thin a speocified period under the stipulated profiaion of a speoifipd uniformity
f supply. '
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De WATER STORAGE

The difference in cost between winter and summer energy and the neceossi-

to provide & certain flexibility of operation makes it higl ydesirable to uti-
se the available water storage possibilities up to the economioc limit. Thie is
point that was not taken imto comsideration in Yugoslavia irn the past, In most
stances 1t was thought that if a sufficient storage capacity could be provided

equaliase the energy delivery curve through the year, the situstion oould be
neidered satisfactory, In order to export energy it is neceaélry to assure as
gh & winter delivery as is ecomomically possidble, with a corresponding decrease

summer energy delivery, Every water storage project in Yugoslavia should be re-
ped and the economically possible highest water storsge developments utilised,
is concerns all the ﬁrojocts in Yugoslavia, If considerable amounts o£ winter
ergy are to be exported from Yugoslavia and available large water storage re-
rvoirs utilised for this purpose, a large number of small storage reServoirs

uld be helpful in providing for a more uniform domestic energy delivery,
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E. PARALLEL DEVELOFPMENT GCOVERING DOMESTIC
AND EXPORT REQUIREMENTS

In order to assure profitable exports of energy without‘deoreising the

rate of industrialisation of the country it is necessary to work out a bslanced
development of various projects. Energy exports will require the concentration of
large amount of energy delivery at the points where the energy ies to de transmit-
ed aerosm the borders of Yugoslavia., The domestic supply will require an extenéive
ransmission system which might ultimately service the whole country. In the domes-
ic supply the importance lies not in the concemtratiom of large amounts of energy
t a few points but to the contrary in the supply of small amounts of epergy at a

ery large number of points.

The difference in the pattern of energy supply for export and for domea-
ic conaumption more or less governs the selection of power plants for exports and

or domeatig purpoaes.

The export of energy should be supplied from a comparatively small nume
er of large power plants capable of delivering large amounts of energy during
inter, The domestio demand can be covered by a large number of amaller plants
hat would supply a reasonably uniform ambuntvof energy both during the winter

nd summer geasons,
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F. THE YUGOSLAV ADRIATIC EYDRO POWER BELT AND THE
"YUGOSLAV ELECTRIC ENERGY EXPORT SYSTEM"

The meteorological amd topographic oonditions along the Adriatic coast

such that ?ower plants oan be built there which would be more

Yugoslavia are

ited for supplying export energy than any other plants in Yugoslavia, The Yugo-

av Adriatic Sea drail
e2in that lies on the Yugoslav territory. It is bordered by Albania on the south

d by Italy on the north-west. Im Yugoslavia it is limited by the divide lime

nage basin imecludes the part of the Adriatic Sea drainage

tween the Adriatioc Sea and the Black Sea drainage basins,

Gonsiderahla amounts of hydro electric ensrgy could be devolopod in
iis belt. Hydroplants of this reglon would be able to deliver a much larser per-
ntage of winter energy than in amy other part of Yugoslavia., This advantage is
e to the charaoter of the rivers in the Adriatic Sea belt. The natural water

ow patterm in these vivers could be further improved by using storage reservoir

paoities which are also available in this region.

The main difficnlty which should be taken into account is the nature
1imestone formations here some of which are very strongly knrltificd. This
loes not preclude the erection of developments, dbut will certaimly inorease their

ost, in some instances to guite & large extent.

In spite of this, the Adriatic hydro power belt of Yugoslavia may on
e whole be considered as an unusually sttractive potentimsl source of electric

energy exports to Italy, Austria, Germany and Switzerland.

It would be a grave mistake, however, to underestimate the technical
ifticulties that have to be overcome in order to set up an energy export scheme.

one of these difficulties are unsurmountable, but a most careful oonsideration

hould be given to all faetors involved,

T4 will be necessary to keep large power plante atrung'along a tran-
ission line in the Yugoslav Adriatic Belt in parallel operation with the power

stems of Italy and Austria. The distanoe botween the farthest removed Yugoslav

wer plant and the nearest point of the Italian and Austrian tranemission aystems

111 be about 580 km. Alons these 580 km the tranemisaion system at the Yugoslav
nd will not distribute but only collect energy at a number of points. The voltage
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nd other regulations of‘sﬁgh a aystem and its maintenappo in satiafaofory ope-
ation will involve the use of the latest regulation facilities and a lnpérior
ompuniocation system oonmeciing the chief diapatcher’s office of the Yugoslav

lectrie Euergy System with all the other plants as well as with the chief dis-

atcher's offices of the Italimn and Austrian power systens,

The energy oxport system to be deiolopéd 1n>rugoslav1a will de so unlike
any other existing system of this kind that the sxperiense gained in thi- field
in the paut would provido very little gnidunce.

The most important prodlem would be to keop'ihp energy export system se-
arated from the local distributiom systems, Ko troudles in the local system

hould be allowed to interfere with a emooth operationa of the export system,

I4, therefore, becomes a requirement of firet importance to keep the

xport aysten practically isclated from all other Yugoslay distribution a}stena.

It will be necessary to select and designate a number of power plante in
he Adriatie Hydro-powsr Belt which would be entiroly‘dovoted to the generation
f energy for export purpomes, These plants would be under the direct management
f the energy oxport organisation which 13 to be direotly responsible for their
peration. The energy. exporting Plants lhould be connected by a special high ten-
jon transmission line, COnnootibna to any. loocal system should be considered as
mergenoy connections omly and ought not to be operative during the normal ope- .

»ation of the system,

As time goes on, and when prnctical experience has been gained in the ope-~
ation of am export cireuit, decisions could be taken with regard to inecreasing

the number of emergenroy oonneotionl.

I+ will therefore be advisable to assign a number of power plants in
ig belt for energy export purposes, Lobnl_requirementa may be supplied from
e remaining plents of that belt and from the plants located in the Black Sea

ainage basin,

Upon’ careful consideration it is recommended that the following projects
included in the firat step o .
"Electrie Energy Export Syetem ot Yugoslavia"
1. Zeta River Projects
2. Trebiinjiea River ProJécfa

e Neretva River Projects
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4, Cetina River Projects
5. Bohinjsko Jezero Plant

A combination of these projects will provide the most favourable energy
export patterrn., The Electric Energy Export System should have complete control not
only over the power plants assigned to the export scheme, but also over every sin-

gle other plant on the above menticned rivers.

Fears that the Energy Export Scheme might interfere with the industria-
lisation and development of local industries in the Adriatic Hydro Power Belt are
quite groundless. There will be plenty of opportunity to supply the local needs

from other sources not ineluded 19 the Energy Export Scheme,

A timo goes on and the operation of the system developa,‘it may prove
advisetle to increase the exports of energy. In such a case additional power plants

should be assigned +o the Energy Export System.

Large amounts of energy will have to be supplie@ tor export during the
six winter months. The difficulties in operation will be considerabdbly reduced 1if
the mumter of energy supplying plants is kept as small as possible, At the same
time, the number of turtine~generator aggregates and transformere should also be
reduced to a minimum. In other words it wouid be advantageous to utilise the lar-
gest aggregates obtainable within manufasturing and transportation limits. These
large aggregates should be installed in a small number of large power plants,
These plants would be larger than anything ever attempted in Yugoslavia before

and in the order of the largest nydro-electrioc power plants in Europe.

To make the operation possible it will be necessary to provide not
only very large but also very sensitive turbo-generator agsgregates. The turblines
of these aggregetes should‘have a very short closing time and the aggregates

themselves - a very guick response to the aotion of speed and voltage regulators,

The iigh water volocities that are at prssent being accepted in the
projects in waterways approaching the turbines make it impossible in many instan-
ce8 to maintain the necessary high regulation sensitivity of the turbines, In
export plants cunsiderable attention should be given to reducing the water velo-
citles tc suoh an extsnt as to assure the neceesary degree of high regulation

)

sensitivity of ths turdines,
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Ge SEQUENCE OF CONSTRUCTION AND INITIAL OPERATION OF PROJECTS

When making arrangements for energy exports two major requiltements

ust be satisfied
1. To keep msticulously to the stipulated dates and winimum asmounts of
energy deliveries;
2e To supply from the outsetl considerable blocks of energy and then

gradually increase the amount of energy supplied,

The first requirement is obvious. In dealingz between independent
untries each partner must be con-ident that the other will keep the agreed upon
rme. If such a confidence is lost, the relations between the country supplying
e energy and the country receiving it cannot be maintained on a mutually satis-
ctory level, The countries importing the energy will try to make other arrange-
nts that they might consider more reliable, in order to protect their induetries
d assure their economic development,

The second requirement is of unusual importance. If Yugoslavia could
art to deliver enérgy within the next two or three years, & very favourable agree-
nt could be reached between Yugoslavia and the energy congsuming countries, Any
rther delays of the initial delivery date would caume the energy recelving coun-

y to make some other arrangements that would be to the direct disadvanitage of
wgoslavia,

It 18, therefore; necessary to work out a scheme of energy exports
hat would on one hand make poessible an early start of energy delliveries and on

the other hand be set on a realistic xizis, so that the terms of agreement could
ctually be adhered to.

The construction of power plants has already reached 2nd advanced
tage both in Bosnia an Herzegovira and in Slovenia. The plantes in these Republics
ould and should be utilised to speed up the beginning of export operations, The
ablanica power plant could be suggested as the key plant for the initiation of
nergy export, As outlined in the attached report, entitled "Export of Electric
ergy From the Neretva River Basin®, the changes neceseary 40 make it an energy
xport plant can be well accomplimhed within two years, If the decision is made
nd the funds provided without delay, thie plant could be put in operation and

tart to supply energy in the course of the winter 1955-56.

Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3




Approved For Releése 2010/09/10 : CIA-RDP83-00423R000900250002-3 '

.0-2‘.

The average yearly energy outpﬁt of abous 700 nillion”klh_gf the J@bli-
ioa Plant could be supplemented by abous 300 Iillion kwh to be supplied by Slo-
enia, For this purpose i% would be advisable to build without delay the Bohinjsko
esoro Plant which could bde completed within $wo years. Besides this, 1%t might be
ossible o obéain additional energy rro-.ao-e of $he S8lovene rum-of-river plants

ad use the Jablsnica storage to level off she delivery curve,

As outlined in the attached repors ontitlod 5Export of Blectric Energy
om the Zeta River Basin®, the Zeta powor plant, working as a run-of-river pl;nt
ould start to deliver 600 -11110n kwd in thc winter monshs of 1956,

Ia 1957, the Ulog storage plans on the Upper Neretsva oould supply 550

illion kwh and at the same time improve the delivery of energy by increasing the
‘torase capacity of the system. The same year, the completion of the first step

f the Zeta ctorago project would make 1t pouniblo to 1norealo the delivery of the '
eta plant by another 100 milliona kwh. N

In 1958, the Glavatilevo storsg§ pPlant on the Upper Neretva could pro-
ide an additional 400 million kwh and at the same time improve the storage faci-
i$les of the system, During the same year it would probably bé poasiblo to add
| other 400 million kwh by putting in operation the leooad step of the ZQta Ri-

or Project.

In 1959, the Rama plant could agd another 700 million kwh and contribdu-
o %o a further enlargement of storage facilities of the system.

The building of a dam and power élnnt at Perula or'Obrovae on the Ce-
ina River and of another power plant near Split could be uflrted at & very short
otice, This might be considered.as the t}rﬁt step of the Cetina prﬁjeot. Thé 8o~
ond part of this project could mot be started unsil the completion of investiga-
ion wﬁidh might take a few years, The Cetina River itself does not present any
usual diffioulties., The sealing of the karst plains at the higher elevation

ill, bowever, involve a considerabdle nmount'of investigation and testing, rhuir
he projeot included in the first step of the cotiﬁl River developmun€ could

tart to deliver about 2 billiom kwh already in 1959, The date of starting ;t

rther energy delivery from the Cetina could be determined only after the de-
iled investigations have been completed. .

In 1960 the Trebilnjica River planta'oould start to deliver 2,35 bil-
tion kwh,
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In 1961, the remainder of the Neretva River plants would add a furthor
billion 900 million K#h to the total delivery'

The proposed sequency of initial delivery dates and the ampounts of ener-

i to be delivered ann“ally' in 1955-61 are summarised in Table I included in the

commendations: "Initial Years of Delivery and Approximate Total Yearly Exports”.

The data contained in the abovementioned table must be considered as

ovisional estimates only. It is poesible that in some instances the amount of
ergy delivered could be larger and in some smaller, The available water flow
ita do not cover sufficlently long periods of time and are not sufficiently re-~

hble to allow any definite conclusions to be made,

-«

Transmission losses have not been deducted, so that the net amount of
prgy deliveced to the foreign countrics will be below that civen 1n'the above

r &
Blo,

The approximate distribution of energy exports between tihe winterland‘
pmer monthe is given in the attached Table IV: "Approximate Yearly Winter and
pmer Export Generation". This table must also be considered as a provision;1
¢imate only, It may be that, when the rrojects have been designed and built
the maximum economic storage capacities utilised, it will bé possible to Tur-

pr increase the amount of winter energy and correspondingly decrease the smavnt

summer energy.

The potential initial delivery dates have been determined after « e
nal inspection of each of the four river basins involved, The estimates are
b0 based on information gathered at numerous conferences with competent engie
lers and designers, held during these inspection trips, The terms sét out in
jls report represent the considered opinion of the writer based on a six-month
dy of the hydro-electric problems and of the construction of power plants in
kolavia, These studies reflect the writer's belief that the designing and con-
acbtion of the projects could be put on a more rational basis and the comple-
1. of the projects could be achieved within a much shorter time than it has

n in the past. The field notes made after the inspection of each of ihe foup

vementioned river basins and of the Bohinjsko Jezero are attached to this re-
tl' A ‘
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Table IV
ELECTRIC ENERGY EXPORT SYSTEM OF YUGOSIAVIA‘
' Approximate Yearly Winter and Summer
Expor¥® Generation
Year of Average Yearly Bxport Total --yearly e;xportA
Initial Project _Generat:l.on per Project Generation
Delivery - 1000 Miliion Kwn 1000 Million KWn
¥intep ~__Winter er Tota:
1. 1955 Jablanica o 0.57 ) 0.20
2. 1955 8lovenia BSystem 0.23 0.10 0.80 0.30 ‘1.10
3. 1956 Zeta Rur-of-River  0.50 0.10 1,30 ~ 0.40 1,70
4. 1957  Ulog 0.45 0.10 ’
5. 1957 Zeta First Storage 0.10 0.00 1.85 0.5  2.35
6. 1958 GlavatiSevo C0ize 0.0
7. 1958 Zeta Second Storage 0.40 0.00 2.55 0..60 3.15
8. 1959 Rama 0.60 0.10 |
9. 1959 Cetina First Step  1.60 0.40 4.75 1.10  5.85
10. 1960 Trebisnjioca © 2,15 | 0.20 6.90 1.30 8.20
11 1961 Nerstva Remainder  1.50 0.40 8.40 1.70 10,10
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H. TRANSMISSION SYSTEM AND DPROFOSED EXPORT ENERGY FLOW

The natural meth®d of exporting energy from the Adriatic shore to
ltaly and Austria would be to0 run a high tension transmission line paseing
close to the energy export power plants. This tranemission line should be
connected with all the export plante of the Adriatic Belt. To make the pro-

equipment for which can be obtained without any particular difficulty and at

& reasonable cost, It appears economic, considering the distance and amounts
of energy involved, to go higher than 220 XV, It would probably be economic
and convenient to use a 400 KV system,

The high cost of substations in such a tranemission gsystem and ths
tendenocy to zake the system as reliable as possible will make it desirable to
reduce the number of substations to the unavoidable minimum.

It appears that it would be most rational to provide a distribution
ubstation in Slovenia and locate it as close as possible to the Ttalianm snd
ustrian border line. The energy could be transmitted to Italy and Austria
rom that substation at any voltage these countries might desire at the stan-
ard 50 cycles frequency. All the transformers for energy delivery from the
istribution station on, as woll as switohing equipment for the transmission
ines going across the Yugoslav frontier could be the property of the ensergy
eceiving country. All metering of energy delivered abroad is to be done at
he distribution substation.

The unified operation of the wholse system of power plaqts and trans-
ission lines should be gaverned from a single chief dispatcher 3 office whieh
ight be locuted at any point slong the transmission line but preferably close
0 the main distribution substation. The chief dispatcher must have at his
isposal the most reliable means of communications with each power house and
ubstation, as well as with the chief dispatchers of Italy and Austria, All
nstructions of vital importance for the .successful operation of the system

re to be ismsued over a carrler-current telephone or by any othe$ means avail-
ble to hiu.

The regulation of the system will require a considerable amount of
ynchronous condensers capacity and other compensating equipment adequately
istributed over the whole extent of the gystem.

It is suggested that the tranemission line from Jablanica to the,dis-
ribution substation in Slovenia be initially operated at 220 XV. Such an
peration will pruwvide the necessary training for the personnel which is to
andle high tension trnasmission lines under specific conditions that will be
h-racteristic of the Yugoslav energy export system. The 220 KV equipment is
t present better standardised than the higher voltage equipment and could bde
btained within a shorter time, The first transmission line could be put in
peration in 1955, at the time when the Jablanica power plant is ready for the
xport of energy. .

The next transmission line - the one to Zeta, and all the other trans-
ission lines of the Energy Export System should be of a higher voltage. After
he Zeta transmission line has been put in operation the Jablanica transmission
ine sthould be reinsulated so that the whole system be operated at the mams
1gh voltage of, probably, 400 KV.
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The length, voltare and presumable initial operation dateé of the
ransmission lines of the system are summarised ir the attached table en-
'1tled ¥Initial Operation Dates for Transmission Lines Oonnecting the Power
lants and the Distribution Substation in Slovenia®.

Even though the transmission line® are to run praoticaliy parallel

o each other it ie recommended to place them at some distance from one an-
ther so as to eliminate the possibility of local damage extending to all the
ranspission lines which would result in a total stoppage of service over the
hole system. The transmission liaes are to be Joined together at each sub-
tation so thnt upon instruction of the chief dispatcher they might be ope-
ated either on a porallel basis or in segregation. This would also permit

o achieve, witnout any interruption of energy delivery, the isolation of any
ingle transmission line that may be damaged or that should be put out of ser-
ice for painterance or repair purposes. : :

The maps: "Recommended System Development 1955'(?13.1) and "Recom-~
nded Syotem Development 1961" (Fig.2), attached to the Recommendations,
ow respectively the initial Jablanioca transmission line and the complete
stem as recommended. The system as sho'n on the second map might be fur-
er expanded in the future if it were deemed desirable to increase the vo-
e of energy export. ' '

The attached schematic wiring diagram "Power Bcheme - Recommended
stem Development 1961" Fig.5) summarises the high points of the elsctric
tures of the System.
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Tadle Vv

ELECTRIC ENERGY EXPORT SYSTEN OF YUGOSIAVIA

Initial Operation Dgtes for Traunsmission lines Gonnecting the Power Plants rnd
the Distribution Substation 1in 8lovenia . '

Yéar :: :nitia.l ;:n: foznt of transg- Length Voltage
n ip kp jo KY

1. 1955 Jablanica 480 220

2, 1956 Zota 572 400

3« 1957 Jablanica reinsulated 480 400

Ae 1959 Cetina I A 380 400

5, 1960 Trebispjica - 530 400

6. 1961 Neretva 547 400

Total length of 400 KV itransmission lines in operation
between the years 1956 and 1961 :

1956 - 572 km

1957 - 1052 im

1956 - - 1052 knm

1959 - - 1432 km |
1960 - 1962 km

1961 - 2509 km
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i
- ’,\JEU g re bV
1ZVvOZ ELEKTRICNE ENERGIJE IZ JUGOSLAVIJE A KaRPoy
. . “
ELECTRIC ENERGY EXPORT SYSTEM OF YUGOSLAVIA
ELEKTRICNA SHEMA — POWER SHEME
PREDLOG IZGRADNIE SISTEMA 1961
RECOMMENDED SYSTEM DEVELOPMENT 1961
;zzoxv
AUSTRIA_ _JABLANICA 260 MW __ 'gﬂvm,csvo 1Homw
o o o oo L A -/
90Km ) ; ;_9| j .
_RAMA 150 MW | L L9 Ty
o ~ 4e0km t—F L JuTA 50MW 220KV ULOG 150 MW
S | 535Km
g H-0Le,_PRENI 80Mw 400KV _
: Q@‘ \o-To' DREZANKA 40MW_220 KV
W 613 SOLAKOVAC 40MW 220KV
o~Cg BUKOVI _ LOMW 220KV
; BOHINT 84 MW 4e76m) | o050 MOSTAR _4oMw 220Kv
\ 45Km 03— -
| DONJA NERETVA_ ‘
LOWER NERETVA :
POTSTANICA o K
PERUCA 35Mw  SUBSTATION 20 o b 25mW 220V HOKY
SO T BISKO " GRANCAREVD 200MW _ :
10Ky~ 370Km “
== = LIuTIé gzomi'gh?j 10KV }—jb{z
1 1 " . N 1 _ -
> T : ———F— 400KV ok
~ ! 1000 MW 512 km J—?;-g
=| __corica ookm - 2400 MW ! o 3 5724m
~|  6LAVNA RAZVODNA % é % ‘é ¢ é) é
PODSTANICA 156 5o :
A AT - CETINA I So0mv _2ZF $13ICA 500 MW _ZETA 275 MW
Sastavio: DrV.Slebinger

April 1953
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I. YPARLY DELIVERY SCHEDULES . OF ENEFGY EXPORT3

In signing a commercial agreement to deliver energy it is of utmost
importance to the consumer to have the assurance of a def;nite minimum energy
delivery that is to be made each month or year. Any amount of energy that
could eventually be delivered above the stipulated minimum is of lesser value
to the consumer. It may be difficult and in some cases even impossible to

utilise such additional but uncertain amounts of energy.

Commercially that is usually reflected in the higher price paid for
tipulated minlmum celivery. 1f that price is high, heavy penalties may be
imposed for failure to deliver that minimum in accordance with the agreead
pon terms, The price of energy to be dq}ivered above the stipulated mini-
m amount is usually lower. In some instances the difference in price may

come substantial,

Keeping in mind the wiﬁter—summer difference in price it will be
ecersary to have as large as possible winter dolivery included in the sti-b
ulated minimum amount and as small as possible summer delivery. Wheﬁever
t should prove economical, the water becouing available in summer should be
ccumulated in a storage reservolir and reserved for additiohal energy gene-

ation in winter.

From the price of energy viewpoint the amount of guaranteed high

cost energy must be limited to the amoufit that could be ‘delivered in winter
during a low water year. The average amount of energy calculated on the basia
of a few low water year deliveries and a few high water year deiiveries can

hardly be used as a basis for the calculation of cost and price estimates.
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j. APPROXIMATE ESTIMATE OF CAPITAL c0ST INVOLVED

The coet estimates for a development can be prepared on a reason-
able baeis by etudying the cost of structures already built. Analysing
these data it 18 possible to determine which unit cost in a propoaed struc-
ure must be increased and which decreased. As soon as such data and the
necessary experience are available, it will be possidble %o determine the
pavinga in cost and time that could be attalned by better organisation and
systematisation of work and also by introduocing new or extending the alrea-

dy available mechanisation.

No coat figures are available in Yugoelavia and no standard me-

thods of determining she cos% are known thers.

In preparing generﬁl estimates of” oost of a prepOIed pfojeot no
particular diffioulties will be experienced in estimating the dollar cost
of aquipment that should be supplied from abfoad. On the other hand, it
does not appear possible to determine with & considerable degree of accu~
recy the cost {n dinars of equipment, material and labour that is to be
supplied locally. Under the Yugoslav financial system, where the coat is
 pased onapplioation of labour cost coefficients that may run as high.as a
thousand percent of the actual coat of labour and are frequently changed,

no cost estimates in the accepted sense of the word can be made.

It would be of v;tal importance to work out a standard for the

elaboration of actual eost estimates for projects with a reasonable degree
of accuracy. '

It is not possible 0 make eatimates of cost for projects of such
magnitude until an accepted method for the elaboration of cost estimates has
been developed and until the geological struoture and mechanloal propertiee
of the areas in queation have been carefully determined. ‘Such a determina-
tion would involve onnsiderable amounts of field work. Not much work ot
that kind has been done 8o far and what has been done does not reach the
required standard by a iide margin, both in respect of quality and quantity.
But even after & sufficient amount of inveefigation hes been made it will

be imposasible to prepare a ocost estimate that would, from ‘the point of view
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of acouracy compare favourably with standard estimates if no established eati-
mating method haes been developed.

Hevertheless, it would appear necessary to make a cost study that
would give if not exact estimates then at least approximate figures that could
be used to establish the magnitude of fhe uﬁdertﬁking and ﬁupply some indi-
cation as to the approximate cost of producing energy.

The attempt to make a capital cost estimate could be starsed with &
calculation of the approximate ocomt in dollars of the proposed energy export

: system.

The power plants to be 6omprised in this system could be catezorised
under low, medium and high cost pdants. The Zete plant is a low cost plant
iand the cost per KW ocapacity installed 1s(assumed at 250 dollars for the
run-of-river plant. The cost of additional installation in comnection with -
the firet and second atorége resesrvoirs &t the same plant hae beeﬁ assumed

at 100 dollars per XW.

The §Slovene plants, the Ulog and GlavatiZsvg plants on the upper
reaches of the Neretva River and the Trebisnjica plans come under the cate-
gory of medium.coat plants. The cost of these plants is assumed at 275

idollars per Kv. » .

The high cost category includes Jablanica, Rams, cetinafrirst Step
and the remsining plants on the Neretva River. The cost of thess plants is
assumed at 300 dollars per KW.

These coste should comprise the cost of a complete power planf with
' all the neceseary structures, machinery, power houaes, mwitchyards, trans-
formers and the soemnection from the power plant to high tension transmission

line substatipns.

The 220 KW Jablanica transmission line is estimatéd $o cost 35,000
dollares per kilometer. This should 1nclade>the towef structures and spaocing
‘eo arranged that the line could be later o£ reinsulated for 400 KV. The above
cost estimate includes all substations , high tension t:aﬁaformsra, aanwell

as all the nacesséry communioatioh and operating equipment. - The cost of
reinsulation of this line from 220 to 4091Kv is enstimated gt gOtdpp“dollare

per kilometar.
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The 400 KV transmission lines are estimated to cost about 50,000

Mollars per kilomster. Thie figure includes, beside the transmission line
proper all sssential equipment , suoh as synchronous condensers and communi-

cation end other facilities necessary for the operation of the system.

The basic data of the system and the year by year cost of the partis
of the system the construction of which is expected to be completed within
feach year are summarised in the attéched table ;: Approximate Installed
Capacity in MV, Length.o} Transmission Lines Syster in Kilometers and

Their Bquivalent Cost in Dollars.(Tadble VI)

The total cost of 2450 MV installed capacity in power plants and
P509 kilometers of 400 KV transmission lines is estimated at 801.65 million
dollars. Two major problems arise in connection with the rinanoiﬁg bfbthe
mystem. First, a large portion of the to%al-cost will be spent in loeal
cuirrency, while foreign currency will be reduired for a smaller part of the
total expenditure. Second, it would notrbe'neceeaary td obtain the total
sum required for the realisation of the system by means of cont;acting loans.
When the first pars of the system has been pu% in operation, itywill be pos-
sible to finance at least & part if not the whole of the remaining develop-

gent out of profits earned from melling the energy abroad.

In the absence of any data it will be necessary to develop a method
of dividing éhe capitai cost eatimates into two parts. rirst: the oquipﬁant
and services that should be supplied from ab}oad. The cost of this equip-
ment and services would be estimated on the baki; of current world market

Prices plus a margin for handling and transportation charges.

A8 to the smecond part of total expenditure, to be msde in loecal
currency, it could be estimated on the basis of actusl cost incurred oam
gimilar developments in the United States and converted into dinars at the
official rate cf 300 dinars per dollar pluf & certain percentage refloetfng
the actual conditions in Yugoslavia.‘ On the basis of information received
that addition should be 100%. However, making & bold assumption that very
substantial savings might be achieved in‘the future, this additional margin

might be decreased to 50%.

As indicgted in the attached ftable Approximate Year-By-Year
Reguirements ir Forsign and Lnecal Currency, the cost can be divided into

foreign and looal currency requirements. This division has been bdased on

r
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the assumption that 811 major equipment will be delivered from abroa.d and that
local expenditures will include the coat of local labou.r and minor equipment
as well as of all materials to be obtained locally. No interest pay_'ments to
be made during the construction period have been 1ncli1deti in this coet esti-

mate. (Table VII)

The necessary smounts of foreign and loocal csurrency have been ar-
ranged on a year-by-year basis. There is, therefore, & distinction between
the smounts of yearly expsnditures as indicated ia this table and in the

‘ preceding one.
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" Table V1 .
ELECTRIC ENERGY EXPORT SYSTEM OF fUGOSLA'IA
Approxim te installed ocapacity in MW,
length of transmission system in km,
and their equivalent cost inm dollars,
v nt t
Project Capacity Length per Kw per km Potal cost
MW km capacity of 1line million
: dollsrs dollarsg dollars
Including 1955
Jablanioa 200 480 300 35,000
8lovenia System 100 2715 : 104,35

Tnoluding 1956

. 2eta no storage 150 572 250 50,000 66.10

Inoluding 1957

Ulog 150 275 - 50,000

Zeta First storage 75 100 .

Reinsulation Jadbla- ,

nioca line . 480 —ee 20,000 58.30
. .

Jnoluding 1958

Glavatidevo lo0 275

Zeta Second storage 75 100 _ 35,00

Inolnding 1959

Raia 150 o 300 :
Cetina Mirst step 450 380 300 50,000 199,00

Inoluding 1960
frebidnjica 600 530 ___27% 50,000 191,50
Tncluding 1961

Neretva Remainder 400 547 300 50,000 147,40
Total : - 801,65

Potal installed ocapacity - 2450 NW
Total length of 400 KV transmission lines - 2509 km,
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. Table VII

ELECTRIG ENERGY EXPORT SYSTEM OF YUGOSLAVIA

Capital Cost - Approximate Year-by-Year Requirements in

Foreign and Local Gurrencies

Year Foreign Currenoy Local Gurrency
Million Dollars - Million Dinars
1953 60.0 3‘9 000
1954 60.5 45 OOOV
1955 47.5 | 33 500
1956 37.7 : 26 500
. 1957 35.5 26 000
. 1958 29.0 21 500
1959 24.5 18 500 I
1960 15.5 : 7 500
1961 . ' 5.0 3 500
Total: 314.7 219 000
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K. CINANCTAL alctANGEMENTS

The Electric Energy Export System of Yugoslavia will require the in-

tment of a large amount of money. The foreign and loeal currency require-
jts given in Table VII are obviously of such magnitude that Yugoslavia could
afford to invest so much money on her own in a comparatively short period of
e y_ears .

It is possible that the financial conditions of the country will permit
expenditure of a substantial part of the sum required in loc2l currency. The

eign currency must necessarily be provided by means of an international loan.

The present world conditions are reasonably favourable for the conclu-;
of financial arrangements that would permit the export of energy from Yugo-
via. It would be preferable to try to obtain a straight loan under the most
ourable conditions possible rather than to ask for a grant. Thus a purely fi-
cial transaction would be involved. In future, the world financial conditions
no lonser be so favourable as they are at present and if the matter is delay-

1t may be reflected in increased difficulty to obtain a loan and in harder

The loan situation will be all the more favourable due to the fact that
system will be developed gradually. It would therefore be possible to invest
ing the partial operation of the first stages of the system a large portion dr

n all the income of the system in order to finance the remaining stages.

Under the present conditions it may be difficult to obtain the whole of
necessary foreign loan through a direct banking operation. Some parts might
8ibly be obtained from foreign countries in othér forms, -as for instance in the
pe of machinery, equipment and services. These methods of obtaining foreign
rency have considerable disadvantages and should be used only if no direct loan

be obtained. In all probability, a combination of several methods of obtain-
" a loan will be the ultimate outcome of the financial negqtiations. Jf such a
rlicated financing gystem must be used it 1s particularly necessary to have a
ir understanding of what can be acébmplished by the best method, that of a

~ct loan., Any other loan combination pyat pe analysed and compared with the di-

t loan method so that a pilcture can be obtained of the relative advantages and

advantages of the other loan methods.
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In order to clarify the financial possibilities two variants of finan-

rrangements have been analysed;

Variant "A" is Eased on the agsumption that during the years 1955-1961
mounts of foreign currency will be obtained from the operation of the
and reinvested in it. It is assumed that all local currenc& requirements
be covered by Yugoslavia. These assumptions are summarised in Table
The selling price of energy being unknown, the reinvestment charges are

d as chirges in Mils (one tenth of one cent or one thousandth of one dol-

nd as charges in Dinars per Kwh to be generated in the system plants dur-

averafse wi.ter year.

Variant "B" ig summarised in Table XIV. The reivestment charges in

currency are much smaller bat reinvestments are assumed in 1local

As a result, the foreign currency loan in Variant "B" is higher than in
"A" but the original local currency investment is smaller in Variant "B"

can be seen from the following table:

Variant "AY Variant "B*"
. iginal Loan
Million Dollars 163%.40 207 .50
Million Dinars 219 000 167 000
einvestment
Million Dollars 151.30 107.20
Million Dinars - 51 900
otal Investmant
Million Deollars 314.70 314.70
Million Dinars 219 000 219 000

Both these variants are analysed under the following assumptions:
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1, Interest charges on the foreign loan are 4.5%.

2. Interest payments on the foreign loan are deferred until
1958 for Variant A" and until 1959 for Variant *B"%,

3. The loan will be repaid in 25 years beginning from 1958
for Variant "A" and 1959 for Variant "B",

4. Interest charges on foreign currency reinvestment of‘the
system income are taken at 3%. The payment of interest
on reinvestment is deferred until 1959.

5. The reinvestment in foreign currency will be repaid in 25
years, the repayment beginning in 1962 for Variant ®A"
and in 1961 for Variant “B®..

6. The local currency investment interesf is 3%. The pay-
ment of the interest is deferred until 1962 for both va-
riants. .

7. The local currency investment and reinvestment will be

repaid in 25 years beginning with 1961.

Tableus 1X to XITI inclusive give the foreign and local currenscy
for Variant "A" over the whole period until all the investment is

Tables XV to XIX inclusive give the same charges for Variant "B

Variant "A® involves a smaller loan and the financial charges are,
ore, smaller. Table XX gives a comparison of cost of foreign currency
As can be seen from this Table, the Variant "B" finanoing scheme will

e an excess payment of 44 million dollars until the time when the origin-

nes have been repaid.

Insofar as local currency is concerned it will be necessary for Yu-

ia to inveat 219 000 Million Dinars in nine years under Variant "A" and
167 000 Million Dinars in seven years under Variant L The financial

tions of the country permitting, 1t would seem advisable to invest the
onal 52 000 Million Dinars in local currency in order to reduce the

ial oharges in foreign currency by 44 Million Dollars.

Financial arrangenents undér either Variant 'Af or *B" will not only

osgible the construction and owning of a large energy export system at a
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somparatively small expense for Yugoslavia , but also produce a stabilising
effect on the international value of the Yugoslav currency. This big system
will be built without it being necessary to expend Yugoslav currency on the
acquisition of foreign exchange. To theroontrary,_once the system is éomf-
leted and put in operation it will earn foreign exchange. Part of this for-
eign exchange muu:t be used to buy Yugoslav currency in order to cover that

vart of expenditure that must be made in local currency. This will, of course,

tend to improve the financial standing of the country.
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Table VII1

FOREIGN AND LOCAL CURRENCY LOAN AND REINVESTMENT REQUIREMENTS
VARIANT "AY

Reinvestment: Foreign ocurrency - 15.0 mils or less per generated KWh
- no reinvestment .

Local currency

Foreigm Qurrency -

Energy

Reinvestment

Generated Loan Total
Year 1000 Mils per Million Million Million
Million Kwh Dollars Dollars Dollars
1953 | 60.00 60.00
1954 60.50 60.50
1955 1.10 15.0 16.50 31.00 47.50
1956 1,70 15.0 25,60 11.60 37.20
1957 2,35 15.0 35.20 ©0.30 35.50
1958 3.15 9.2 29.00 29,00
1959 5.35 4.6 24,50 24.50
1960 8.20 1.9 15.50 15.50
1961 10.10 0.5 5,00 5:00
151.30 163.40 314.70
ngg; gu:rengx -
Gf:::g{ed Reinvestmént Loan Total
Year Dinars Milliom ¥illion Million
1?000 ) per Kwh Dinars . Dinars Dinars
1953 39 000 39 000
1954 43 000 43 000
1955 1.10 33 500. 33 500
1956 1.70 26 500 26 500
1957 2.35 26 000 26 000
1958 3.15 21 500 21 500
1959 5.35 18 500 18 500
1960 8.20 7 500 7 $00
___ 1963 10,10 3 500 3 500
' 219 000 219 000
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Table IX
) FQREIGN CURRENCY LOAN - VARIANT “Aw
Loan Charges

Year Milliomn Dollares

L oan Loan Plus L oan Interest - Repayment - To tal

Yearly 4.5% Accu- Repayable on of Loan

Install~ mulated Loan Loan Charges

ment Interest . 4.5 % 25 Years
1953  60.00 - - - - -
1354 60.50 62,70
1955 31,00 123,20
1956 11.60 159,70
1957 030 178,60
1955 186.90 186,900 . ~ T.476 T.476
1959 179.424 8,390 T.476 15,866
1960 171,948 8.060 74476 15,476
1961 164,472 7.740 74476 - 15,216
1962 156,996 Ts410 7.476 14,886
1963 1494 520 71070 7.476 ) 14054‘6
1964 142,044 6,740 T.476 14.216
1965 134.568 . 6.400 7.476 13.876
1966 127,092 6,050 T.476 13,526
1967 119.616 5.720 T.476 13,196
1968 112,140 5,380 74476 12,856
1969 . 104,664 5,050 7T.476 12,526
1971 89.712 4,380 74476 11,856
1972 82,236 4,040 Ta4T6 11,515
1973 74,760 3,700 7.476 11,176
1974 67.284 3,360 7.476 10,836
1975 59.808 3.030 T.476 10,506 -
1976 52,332 2,690 T.4T6 10,166
1977 44,856 2.350 T.476 9.826
1978 37.380 2.020  T.476 9,496
1979 29,904 1.680 T.476 9,186
1980 ' 22,428 1,340 T.476 8,816
1981 14,952 1,010 T.476 8,486
1983 ) - 0,340 - "0.34C

Total : 163,40 ‘ ' 109,220 186,900 296,120
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Table X
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FOREIGN CURRENCY REINVESTMENT - VARIANT "A"®
Reinvestment Gharggs
~ Year _ Million Dollars -
Reinvest- Accumil- Reinvest- Reinvest- Intereat Reinvesti- Total
ment In- ating Iu- ment plue ment Re- Payment ment Re- Rein-
stallment terest Acdumulat- payable - 3 % payment vestment
3 4 ed Interest 4 25 Yeawr Charge
1953
1954
1955 ‘ 16050 hid 160590 - - had
B 1956 25.60  ©,495 42,595 .- - -
1957 35920 10280 795075 - . - - -
1958 29,00 2,390 110,465 ‘110,465 - -
1859 24,50 3.320 - . 134,965 3,320 3,720
1960 15&50 T . - 15004’63 40045 - 4004‘5
1961 5,00 - - 155,465 4,530 - 4,530
1962 155. 465 4,664 6.219 10.883
1963 1490246 4, 664 ' 64219 10.883
1964 143 .027 4,480 64219 10,699
] 1965 1360808 4,300 6.219 10, 519
1966 130,589 4,110 6.219 10,329
1967 124.370 3,920 + 6,219 10.1%9
1968 118,151 3.720 6.219 9.949
1969 , 111.932 3.550 6.219 9.763
1970 105,713 3.340 6.219 | 9.559
1971 99,494 - 3,170 6,219 9.389 -
1972 93,275 24990 6,219 9.209
1973 87.056 2.800 5.219 9,019
1974 80.837 2,620 6,219 8.839
1976 68.299  2.240 6.219 8,459
1977 62.180 2.050 - 6.219 8.269
1978 55,961 1.870 6.219 8.089
1979 49,742 1,680 6,219 7 899
1980 43,523 1,480 6.219 7 699
1981 37.304 1.310 6.219 /529
1982 31 .085 1l.12¢0 6.219 7.339
1983 24,866 0,930 6.219 . T.149
1984 18,647 0.750 6.219 6 959
1985 12,428 0.550 6.219 6.769
1986 6,219 0.374 6.219 6.593
1987 - oc 187 - oc 187
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Table XI

FOREIGN CURRENCY - VARIANT "A®

Yearly BExpenditures - Loan Charges, Reinvestment Charges, Reinvestment

p———

Byesar Million Dollars

Ioan Reinvestment Total Loan and Reinvestment Total
Charge Charge Reinvestment Yearly Charge
Charge Installtent
"R 1953

1954 :
1955 - - - 16,50 16.50
1956 - ' - - 25,70 25,60
1957 - v - 35.20 35.20
» W1958 7.476 - 7.476 29,00 36,48
© Q1959 15,866 3.320 19,186 24,50 43,67
' 1960 15,476 4,045 19,521 15,50 35,02
1961 15,216 4,530 19,746 .00 24,75
* 1962 14,886 10.883 25.769 - 25,77
1963 14.546 10,883 25.429 - 25,43
, 1965 13.876 10,519 24,395 - 24.40
= 1966 13,526 1Q.329 23.855 - 23,86
' 1967 013,196 10,139 23,335 - 23..%4
1968 12,856 9.949 22,805 - 22,81
1969 12,526 9,769 22,295 - 22,30
1970 12.086 9,559, 21.645 - 21,65
1971 11,856 9,389 21,245 - 21,25
1972 11,516 | 9.209 20,725 - 20.73
1973 11,176 9.019 20,195 - 20.20
1974 10.83%6 8.829 19,675 - , 19,68
1975 10,506 8.649 19.155 - 19.16
1976 10.166 8.459 18,625 - 18,63
1977 9,826 8.269 18,095 - 18,10
- #1978 9,496 8.089 - 17.585 - 17.59
B1979 9.156 7.899 .17.055 - 17.06
1980 8.816 7.699 16.515 - 16,52
1983 00340 7.149 ’ 7!489 - 7049
1984 - 6,969 6.969 - 6.97
1985 - 61:769 : 60769 - 6077
1986 - 6,593 6.593 - 6.59
1987 - 0,187 0.187 - 0.19
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Table XII

LOCAL CURRENCY - VARIANT ®A"
Yearly Capital Charges
Year Mil1lion Dinars
Investment ;;::';;eiz_ Investiment Interest Investment Total
Installment Repayable Payment Repayment Capital
cumulated 3% 25 years Charge
Interest
953 39 000 39 000
954 43 000 83 170
1955 33 500 119 170
1956 26 500 149 250
1957 26 000 179 730
1958 21 500 206 620
1959 18 500 231 340
1960 7 500 245 790
1961 3 500 256 650 256 650 10 266 10 266
1962 . 246 384 7 710 10 266 17 976
1963 236 118 T 290 10 266 17 656
1964 22% 852 7 100 10 266 17 366
1965 215 586 6 760 10 266 17 026
1966 205 320 6 460 10 266 16 726
> 1967 195 054 6 160 10 266 16 426
i968 184 788 5 860 10 266 16 126
1969 ' 174 522 5 550 10 266 15 816
1970 164 256 5 240 10 266 15 506
1971 153 990 4 940 10 266 15 206
1972 . 143 724 4 620 10 266 14 886
1973 135 458 4 310 10 266 14 576
1974 123 192 4 010 10 266 14 276
1975 112 926 3 700 10 266 13 966
1976 102 660 3 390 10 266 13 656
1977 92 394 3 080 10 266 13 346
1978 82 128 2 770 10 266 13 036
L1979 71 862 2 470 10 266 12 736
1380 © 61 596 "2 160 10 266 12 426
+981 51 330 1 850 10 266 12 116
1982 41 064 1 540 10 266 11 806
1983 50 798 1 220 10 266 11 486
1984 20 532 920 10 266 11 186
1985 10 266 616 10 266 10 882
1986 305 305
219 000 100 131 256 650 356 781
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Table XIII
= FOREIGN AND LOGCAL CURRENCIES - VARIANT "A"
Capital Charges
o Yearly Expenditures
Foreign Local Energy Foreign Local
gurrency Currency Generated Currency Currency
Payment Payment 1000 Payment Payment
Millicen Millicn Million Mils per Dinars
Dollars Dinars Kwh KWh per KWh
16.50 1.10 15.00
25.60 1,70 15.00
35.20 2.35 15.00
36.48 3.15 11.60°
43,67 535 8.15
35.02 8.20 4.30
24.75 10 266 10.10 2,45 1.02
25.77 17 976 10.10 2.55 1.78
25,43 19 956 10.10 2.52 - 1.75
. 24,92 17 366 10.10 : 2.47 1.72
24,40 17 026 10.10 2.42 1.69
23,86 16 726 10.10 2.37 1.66
23.34 16 426 10.10 2.31 1.63
22.81 16 126 10.10 2.26 1,60
22,30 15 816 10.10 2.21 1.57
21.65 15 506 10.10 2.14 1.54
21.25 15 206 10.10 2.11 1.51
20.73 14 886 10.10 2.05 1.47
20.20 14 576 10.10 2.00 1,44
19.69 14 276 10.10 1.95 1,41
19.16 13 966 10.10 1.90 1.37
18.63 13 566 10,10 1.85 1.35
18.10 13 346 10.10 1.79 1.32
17.59 13 036 10.10 1.74 1.29
17.06 12 736 10.10 1.69 1.26
16.52 12 426 10.10 1.64 1.23
16.02 12 116 10.10 1.59 1.20
15.48 11 806 10.10 1.52 1.17
7.49 11 486 10.10 0.74 1,14
6.97 11 186 10.10 0.69 l.10
6.77 10 882 10.10 0.67 1.08
6.59 305 10.10 : 0.65 0.03
0.19 10.10 0.02

~
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Table XIV

FOREIGN AND LOCAL CURRENCY LOAN AND REINVESTMENT REQUIREMENTS
VARIANT "B"

Reinvestment: Foreign currency - 7.5 mils or less per generated Kwh

Local currency - 3 Dinars or less per generated Kwh
oreign Currengy -
Energy Reinvestment Loan To tal
Year G’:gggt°d Mils per  Million Million Million
Million Kwh Kwh Dollars Dollars Dollars ;
- |
1953 ' 60.00 60.00 é
R 1954 ‘ 60,50 ° 60.50
1955 1.10 7.5 8.25 39.25 47,50
| 1956 1.70 7.5 12.75 24,45 37.20 |
| B 2.35 7.5 17.60 17.90 35,50 §
A 1958 3.15 7.5 23,60 5. 40 29,00 :
1959 535 4.6 24.50 24,50 {
1960 8.20 1.9 15.50 15.50
1961 - 10.10 0.5 5,00 5,00
107.20 207.50 514,70
ocal rency -
Gfﬁ:;g{,d Reinvestment Loan Total ‘
Year 1000 Dinars Million Million Million i
Million KWh per Kwh Dinars Dinars Dinars
1953 39 000 39 000
1954 ° ‘ 43 000 43 000 |
1955 l.10 3 3 300 30 200 33 500 |
1956 1,70 3 5 100 21 400 26 500
1957 2.35% 3 7 000 19 000 26 000
1958 3.15 3 9 500 12 000 21 500
1959 5:35 3 16 000 2 500 . 18 500
1960 ~8.20 0.9 7 500 ' 7 500
1961 10.10 3 500 3 500
51 500 167 100 219 000
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Table XV
’ﬁ FOREIGN CURRENCY LOAN - VARIANT “B*
Loan Charges
Year Millioen Dollarses
Loan I o=z n Plus Loan Interest Repayment Total
Yeariy 4.5% Accu- Repayable on of Loan
Install- mulated Loan Loan Charges
ment Interest ' 4.5 % 25 Years
1953 60.00 - - - - -
1954 60,50 62,70
1955 39.25 123,20
1956 24.45% 168,00
1957 17.90 200,01
1958 5.40 226,91 :
1959 242.53 242,53 - 9.702 9.70
1960 232,828 10,90 9.702 20.60
1961 U 223,126 10450 9.702 20,20
1962 213 4424 10.10 9.702 19,80
1963 203.722 9.60 9.702 19.50
1964 194,020 9.15 9.702 18.85
1965 184,318 8,75 9,702 18,45
1966 174,619 8430 9.702 18,00
v 1967 ' 164.914 7.85 9,702 17.55
' 1968 . 155,212 . T+44 9,702 17.14
- 1969 1430510 7000 : 9-702 16.70
1970 ' 135,808 6,56 9.702 16,26
1971 . 126,106 €.11 . 9,702 15,81
1972 , 116,404 5.65 9,702 15.25
1973 106,702 5.25 9.702 14,95
1974 97.000 4,78 9,702 14.48
1975 87.298 4,36 S.702 14,06
1976 77.596 3.93 9.702 13,63
1977 61.884 3.93 9.702 - A3.12
1978 58,192 3.06 9.702 12,76
1979 : 48,490 2,62 9.702 12,32
198¢ 38,806 "2,18 9,702 11,88
1981 29,204 1.75 9.702 11,45
1982 19.402 1,32 9,702 11,02
1983 ) 9.700 0.88 9,702 10,58
1984 _ 0.44 0,44
Total 207.%0 242,53
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Table XVI

FOREIGN CURRENCY REINVESTMENT - VARIANT, *B®

Reinvestnent Charges

Year Milliom Dollsars

Reinvestment Reinvestment Reinvestwent Interést Reinvestment Total
Installment Plus 3% accum. Repayadle Payment Repayment  Repayment
intersat ' ) Charge

1953
1954
i985 8.25 - 8.25
1956 12,75 21,2%
1957 17.60 39.49
1958 23,60 64,28 -~ 64,200
1959 24,30 88,580 1.93 ‘ 1,93
1960 15.5¢ 104,580 2,66 2,66
1961 5.00 1090080 3914 40364 7050
1962 104,716 3.28 4.364 7.64
1963 loo,352 3,15 4,364 751
1364 _ 95,988 3401 4,364 737
i%65 91,624 2,88 - 4,364 " T.22
1966 87.220 2.75 4,364 T.121
1967 82,856 2,62 4,364 6,98
1968 78,492 2.46 4.364° 6482
1969 T4.128 2,35 4,364 6.71
1570 69.764 2.23 4,364 6.59
1971 65,400 2,09 4,364 6.45
ig72 61.034 1.96 4,364 6.32
1873 56,570 1.83 4,364 6,19
14974 52,306 1.70 4,364 6.06
1478 47.942 1.57 4.364 5.95
1976 43,578 1.44 4,364 5.80
1579 30,486 1,05 4,364 5,41
1380 ‘ 26,122 0.91 4,364 5.27
1361 21,758 0.78 4.364 5.14
1582 17.394 0,65 4,364 5.01
1283 13,030 0,52 4,364 4.86
1L1'84 80660 0.,%9 40364 4,75
1085 4,302 0.26 4,364 4,62
1486 0,13 - 0.13

107.20 109,080
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Table XVII

FOREIGN CURRENCY .- VARIANT "B"

Yearly Expenditures : Loan Charges,
) Reinvestment Charges, Reinvestment

Payment in Million Dollare

Year Loan Reinvest- Total Reinvest., Total
' Charge ment Loan and Yearly Pa}ment
Charge Reinvest. Iinstallment '
Charge

1953
1954 .
1956 12,75 12,75
1957 17.60 17.60
1958 23,60 . 23,6¢
1959 9.70 1.93 16,63 24.50 41,13
1960 20,60 2,66 23,36 15.50 38,86
1961 20.20 T.50 27.70 5,00 32.70
1962 19,80 764 27.44 - 27.44
1963 19.30 7251 26,81 - 26,81
1964 18,85 737 26,22 - 26,22
1965 18.45 7.22 25,67 - 25,67
1966 18.00 7.1 25.11 - 25,11
1967 < 17455 6.98 24,53 - T 24,53
1968 17.14 6,82 23,96 - 23,96
1969 16.70 6.71 23.41 - 23,41
1970 16.26 6.59 22,85 - - 22,85
1971 15,81 6.45 22,26 - 22,26
1973 14,95 6.19 21,04 - 21,04
1374 14.48 6,06 20.54 - 20,54
1975 14.06 5e93 19.99 - " 19,99
1376 - 13,63 5.80 19.43 - 19.43
La77 13,12 5467 18.89 - 18,89
1978 12.76 5.54 18,30 - 18.30
1979 12.32 541 17.73 - 17.73
1980 11,88 527 17.15 - 17.15
182 11.02 5.01 16,03 - 16,03
1383 10.58 4,88 15.46 - 15.46
1384 0.47 4,75 5e22 - .22
1185 - 4,62 4,62 - 4.62
1186 - 0.13 0,13 - 0.13
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Table XVIII
LOCAL GCURRENCY - VARIANT "B*
Yearly Capital Gharées
jear M 1 1 1 1 o n D i n a r s
Investment
Investment  Rein- Total plus 3% ac- Interest Investment Total
installment vest- install- cumulated payment repaymenb capital -
ment ment interest 3% 25 years charges
repayable
1953 39 000 39 o000, 39 000
1954 - 43 000 43 000 83 170
1955 30 200 3 300 33 500 119 170
1956 21 400 5 100 26 500 149 250
1957 19 000 7 000 26 000 179 730
1958 12 000 9 500 . 21 500 206 620
1959 2 500 16 000 18 500 231 340
1960 7 500 7 500 245 790
1961 3 500 3 500 256 650 10 266 10 266
1962 246 384 7 710 10 266 -+ 17 976
1963 236 118 7 390 10 266 17 656
1964 225 892 7 100 10 266 17 366
1965 215 586 6 760 10 266 17 026
1966 205 320 6 460 10 266 16 726
1967 195 054 6 160 10 266 " 16 426
1968 184 788 b 860 10 266 16 126
1969 174 522 5 550 10 266 15 816
1970 164 256 5 240 10 266 15 506
1971 153 990 4 940 10 266 15 206
1972 143 724 4 620 10 266 14 886
1973 133 458 4 310 10 266 14 576
1974 123 192 4 010 10 266 14 276
1975 ) 112 926 3 700 10 266 13 966
1976 102 660 3 390 10 266 13 656
1977 92 394 3 080 10 266 13 346
1978 82 128 2 770 10 266 13 036
1979 71 862 2 470 10 266 12 736
1980 61 596 2 160 10 266 12 426
1981 51 330 1 850 10 266 12 716
1982 41 064 1 540 10 266 11 806
1983 30 798 1220 10 266 11 486
1984 20 532 920 10 266 11 186
1985 10 266 616 10 266 - 10 882
1986 305 . - 305

100 131 256 650 356 781
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. Table XIX
FOREIGN AND LOCAL CURRENCIES - VARIANT “B®
- Capi tal. Charges
Yearly Expenditures
Foreign Local Foreign Local
Energy
currency currency currency currency
payment payment generated payment : payment
Million Million 1000 mil- Mils per Dinars
Dollars Dinars lion Kwh KWh per Kwh
8.25 1.10 7.50
12.75 1.70 T.50
17.60 . 2,35 7.50
23,60 Z.15 7T.50
41,13 5.35 7.69
. 35,86 8.20 4.72 " -
32.70 10 266 10.10 3.26 1.02
27.44 17 976 10.10 2.82 - 1.78
26.81 17 656 10.10 2.66 1.75
’ 26.22 17 366 10.10 2.60 1.72
25.67 17 026 10.10 2.54 1.69
25,11 16 726 10.10 2049 1.66
24,53 16 426 10.10 2,43 1,63
2%.96 16 126 10.10 2.37 1.60
23.41 15 816 10.10 2,32 1.57
22,85 15 506 10.10 2.26 1.54
22.26 15 206 10.10 2.21 1.51
21,67 14 886 10.10 2,14 1.47
21,04 14 576 10.10 2.08 1.44
20.54 14 276 10.10 2,03 1.41
20.99 v 13 966 10.10 1.98 1.37
19.43 1* 656 10.10 1.92 1.35
18.89 13 346 10.10 1.87 1.32
18.30 13 036 10.10 1,81 1.29
17.73 12 736 10.10 1.75 1.26
17.15 12 426 10.10 1.70 1.23
16.59 12 116 10.10 1.64 1.20
16,03 11 806 10.10 1.59 1.17
15.46 11 486 10.10 1.56 1.14
5.22 11 186 10.10 0.52 1.10
4,62 10 882 10.10 0.46 1.08
0.13 305 10.10 0.01 - 0.03
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Table XX
COMPARISON OF COST OF FOREIGN QURRENOY LOANS
VARIANTS ®"A®" and "B"
Million Dollars
Loan Installments:
Variant “A" Vgriant “B"

1953 60.00 60.00
1954 60.50 ) 60.50
1955 31.00 39.25
1956 11,60 24,45
1957 0.320 17.90
1958 5,40
1959
1960
1961
Total Original
Loan 163,40 207.50
Accumulated :
interest 4.5% 23,50 35,03

“epayables
.o an 186,90 242.53

4.5% interest
during loan
repayment 109.22 141,91

Total Repayment 296,12 384,40

LTess Original ' .

I.oan 163040 207050
e

Loan

Charges 132,72 176.90

Charge Variant "A" 132,72
S ——

Foreign Loan Qvercharge -

Variant "B" over Variant "A" 44,18
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L, APFROXINATE ESTIMATE OF COST OF EXPORTED ENERGY

The cost of energy should be so estimated as to provide for the meeting of all
i {al obligations during the operation of the system and for keepiﬁg the system in
st class condition throughout its life. All the direct expenses of operation of the

tes must obviously be covered as well.

It is necessary to know the cost of energy before the selling price that rmumat
th rged to make the operation of the system profitable can be determined. The cost
tr:rgy must be based on the amount of energy that can be supplied during low water
rg These amounts of energy will be the ones which Yugoslavia can guaranty to de-
¢r and for which, if most of the energy is delivered during the winter season, Yugo-
Yie can expect to obtain a high price. 1In the absence of any reliable information
' regpect to the yearly variation of water flow, the ratio between the average and
{nim amount of energy that could be delivered can only be assumed. Considering the
;istribution of energy sources in the system it has been assumed that the varia-
-t energy generation from year to year will be less accentuated in & system as

iz, that 1t could be expected in the case of an individual power plant.

On the basis of these considerations the assumption was made that the amount
tni 2gy exported during a low water year will be equal to 75% of that generated by the
't :lants of the system during an average year. This 25% reduction should also cover

tr nsmission lines losses.

All the cost figures are based on the assumption that no taxes, either local
1t-rnational, will be paid during the construction and operation of the system. If
xes8 are imposed, the cost of the system and the cost of energy must be increased

“Tingly.

The part of the cost of energy and of the capital cost in foreign currencies
kept separated from that in local currencies. It does not meem advisable.to

t2p7 converting the foreign currency,or vice versa, until such time when the world

izl conditions become more stable.

The cost of energy generation and of its transmisaion to the main distribution

*lation in Gorica has been divided into three major items.

1. Capital Cost, which forme the largest portion of the total
energy cost;

2. Amortization,which formes the second largest item of the total
energy cost;

3. Operation Expenses, which form the smallest item of the total
energy cost.
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l, Capital Cost

The capital charges have been estimated and given in Table XIII for Va-

nt YA" and XIX for Variant "BY¥, In determining the cost of energy the total

unt of monej invested must be considered regardless of whether 'the money has

.n obtainéd from foreign loans or invested by Yugoslavia ecither out of the gystem’s
ome or from other sources. In estimating the capital charges a somewhat unortho-
attitude has been taken in adding the reinvestment in foreign and local curren-

s during the construction period directly to the capital charges. It 1a believed

t the conditions under which the system is being created Jjustify such an atti-

ie . At the same time, the high cost of foreign currency (4.5%) is not applied

the foreign currency reinvestments which are assumed to carry an interest of 3%

same as the local currency.

2. Amortization

The ordinary maintenance of the system should be taken care of 1s an ordinary
mation function and the expenses of such maintenance should be included in the ope-
ition expenses. No matter how well the system is operated and maintained there ;1- ‘
vs will be normal wear and a gradual deterioration of the elements of the system.
is, therefore, necessary to provide a reserve fund amortization fund) that could

f used to replace parts of equipment and of the system that have been worn out or

. must be reyplaced for any other reasons. If such a policy ie followed the system
snld be always in a first class condition or have an amortization fund of sufficient
ze available so that all elements of the system that need replacement might be re-
aced. The expenses of creating an amortization fund must be considered as a normal

eration expense.

The capital charges stop after the loanshave béen repaid. The amortization
arges are intended té keep the system throughout its life in the same first class

ndition as when it was originally built., All equipment and all parts of the system
1t are worn out to, such an extent that they cannot be taken care of by regular main-

nance, must be replaced in parte or in full. The amortization charge is, therefore,
running charge which must be set aside to make possible large replacement expen@i—

es a8 long as the system is being operated. It may become necessary to revise
rtization charges from time to time in order to follow the trends in replacement
#t. In nearly all instances such a revision will result in an increase of amortiza-

cn charges and consegquently in an increase of the cost of energy.

The amortiZation has becen estimated on the basis of an average 30 years
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ife «f the system. At an interest rate of 3% the annual amortization charge would

fnt ta 2,1% of the original cost of the system. A more exact estimate Y amorti-

“inx snarges could be made only when a more detailed cost estimate becomoslafail-

3. Operation Expenses
These expensem must be sufficient to cover salaries of all personnei employ-
by the system in whatever capacity and to pay for regular meintenance , materiqls;

ire parts and so on.

The direct operation cost of the system has been divided into the cost of
Pver plant operation and transmission line operation. '

The power plant operation cost should cover the operation of the power piants

orer as well aas the upkeep and operation of dams, tunnels, canals and eimilar ofher

irts of the system.

| The transmission line operation cost should cover the operation and ubkeep
{ transmiesion lines, substations, high tension transformera, switching and protective

“@ipment, as well as the maintenance and operation expenses of the dispatching officea
‘dcommunication facilities. ‘

On the basis of some studies in this matter it was assumed that the cost of

ver plants operation per KW of installed power plant capacity will be equal to 0. 4

Fllars in foreign currency plus 720 Dinars in local currency.

“ne cost of transmission line operation has been estimated as 1 % of the trans-

VS RYE lines capital cost in Dollars plus 1% of the capital cost in Dinars.

The costs arrived at in euch & way can be considered as an approximation only

VG T

e constructed at a cost close to the

y from the estimated

3“, however, believed that the project could b

foximate estimates and the cost of energy will not aiffer greatl

i,
1 | ; b4

Table XXI gives an estimate of the cost of energy to be exported during

liter semmon of 1961-62 on the assumption that by that time the recommended system

nlhave been built and put in full operation.
| the elements of cost and the total cost

Table XXII gives, tn congested form,
11 "ve UHAET

rted during the years 1955 to 1961 when the systam wi

| tnerzy to be expo
“’“1 ction and the energy will be deliveredin gradually increasing ‘afiodn ts.
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Table XXIII has been computed on the basiam of the estimated capital charges
= in Tables XIII and XIX and of the operztion coste given in Table XXII.

Thie table gives the cost of energy exported from 1955 to 1987 within which

;.1o the loans and reinvestments are to be repaid. After 1987 the cost of exported

zrv7 8hould include direct operation cost and amortisation charges only. The table
 o-ged on the assumption of low water years, During average and high water years
« vv8t of exportable energy may become lower, if the energy importing countries are

=2 to accept such additional energy.

A study of the table will show that due to large reinvestments of foreign
.ovency the cost of energy during the construction period 1955-1959 will be high in
e cnse of Variant "A", During the same period it will be lower in the case of Va-
:ut "B".  After 1959, the éost of exportable energy will be lower for Variant "A"

i Tor Variant "BY. The difference in the cost of energy during the years succeed-
wz *7e year 1959 corresponds to the 44 Million Dollar foreign loan increase for Va-

jant "B" over Variant "A", that was shown in Table XX.

In studying the cost and advantages of Variant "A" it may he”¥ound advisable

. y2-vslavia, as well as by the countries importing energy, to chirge und-.r accept
f:rcreased selling price for energy exported during the construction ~riodrand to
o the price after the system has been completed. Such an arransesent may be

{wie]pful in making possible the building of the system and putting it speedily in
+ion, '

In determining the selling price of energy , consideration must be given to
e possibility that during some periods of time the consuming countries may not be
‘?m to accept all the energy offered by the system. Some provisions must be made to
iur the financlal losees that may occur in such an emergency.
Considering the present and future conditions it will be of distinct advan- \
g¢ to negotiate & contract in which the cost of delivered winter energy is many times

irnev than the cost od delivered summer energy.
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Lcti1sing 75% average generation to be delivered in a low water year
75% of 10.10 - 1000 million Kwh equals 7,57 = 1000 million KWh

Capital Charges 1961 Variant "A"
L.02 1.%36 Dinars per KWk
%f%% - 3,26 Mils per Kwh plus 0.75
Sapital Charges 1961 Variant "B

2l L.92 |y 36 Dpinare per Kwh
677% = 4,35 Mils per Kwh plus 0.75 3 nare p

Table XXT
ELECTRIC ENERGY EXPORT SYSTEM OF YUGOSTLAVIA
Operation Coul
Year 1961-1962
Installed Power Plants Capacity = 2450 Kw
Length of 400 KV Transmission Lines -~ 2509 km
- T T Foreign Ixpenditures Local Expendiiures
Dollars Million Dinars
rower Plants Operation
2 450 000 KW at 40 certs 9280 000 . )
at 720 Dinars 1 700
Transmission Lines Operation
‘1% of 38,50 million Dollars 38% 000
1% of 40 000 million Dinars 40C
Amortization - 30 years
2,1% of 314,70 million Dollars 6 510 000
", 1% of 219 000 million Dinars 4 600
7 875 000 6 760
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Foreigh Currency Local Currency
Capltal Charges I 3,26.Mils plus 1.36 Dinars per KWh
Operstion Charges i
Mils “
7 875 000 bollars 1.04 e
6 760 million Dinars . 0.89 Dinars per
Total per Kwh 4,30 Mils plus 2,25 Dinars per Kwh
. Variant "B" 1961-196
N A f
Mils plus 1.36 Dinars per KW
Capital Charges 4,35 !
Opzrétion Ghsrges 1,04 Mils & 0.89 Dinars per K¥h
Total per Kwh 5.39 Mils plus 2,25 Dinars per‘KWh
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ELECTRIC ENERGY EXPORT SYSTEX OF YUGOSLAVIA

-System Data - Operation Costs

v

Table XXII1~

1959
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Lar 1955 1956 1957 1958 1961
Syetem Data .
average year goneration .
100C million Kwh 1,10 1.70 2.35 3.15 5.35 8.20
Export delivery during - -
low water year
1000 million Kwh 0.83 1.28 1.77 2.36 4,02 6.15
rower plants
capaclty in Mw 300 450 675 850 1 450 2 050
Capital cost of trang-
nisslon lines e
illion Dollars 5.06 13.65 16,55 16.55 22.20  30.20
Million Dinars 5 000 14 000 17 000 17 000 23 000 32 000
sapital coct of system , ‘
killion Dollars 40.06 63,65 86.15 99.75 177.90 251,90 )
nillion Diuars 29 000 48 000 64 000 74 000 128 000 181 000 219 000
Qperation Copt
Forelgn Currcncy Part
Fower p.lants operation
cost .
Thousand Dollars 120 180 270 340 580 820
Transmission lines . -
operation cost
Thousand Dollars 51 137 166 166 222 302
smortization \
Thousand Dollars 852 134 1 810 2 090 3 770 5 280
Ml Total foreign currency _

Thousand Dollars 1 023 1 657 2 246 2 596 4 572 & 402
Low water year | .

. ¥ils per Kwh 1.23 1,29 1,26 1.10 1.14 1.04

Operation Cost
urren ardt

Power plantas operation

¥illion Dinars 216 324 485 612 1 045 1 475
Transmission lines \
operation
fillion Dinars 50 140 170 170 230 320
inortization o

| ..llion Dinars 610 1010 135 155 2690 3 800
Tatal local currency : |
¥illion Dinars 870 1 474 2 005 2 332 3 965 5 595
Low water year . :
Dinars per Kwh 1.05 1,15 1.13 0.99 0.98 0.91
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Table XKITIT

ELECTRIC ENERGY EXI'ORT SYSTEM OF YUGOSLAVIA

fost of Exportable Fnergy
during a low water year
Years 19551990

Forclgn Currency Local Currency

Mile »ov Kuwh ‘ Dinars per KWh
Yariant "AY Varlant "BY Veriant "A'and "B"
Capital Operation Capital Operation Capl tal Operation .
Gost  Gost _roral Cost  est oot Cost GCost _ ort
20,00 1,23 21.23 1.0.00 1.23 11.23 1,05 1.05
20,00 1.29 21.29 10.00 .29 11,29 1.06 1.058
20,00 1.26 21.26 10.00 1.26 11,26 1.13 1.13
15.50 l.10 16.60 10.00 1.10 11.10 ' 0.99 0.99
10.90 l.14 12.04 10.25 1,14 11.39 0.98 0.98
5.73 1.04 6,77 6.30 1,04 7.34 0.91 0.91
3.26 1.04 4.30 4,35 1.04 5.39 1.36 0.89 2.25
3440 1,04 4,44 3.76 1.04 4,80 2.37 0.89 3,26
3.36 1,04 4.40 3455 1.04 4.59 2,33 0.89 3,22
3430 1.04 4.54 3,47 1,04 4,51 2.29 0.89 3,18
3.23 1.04 4,27 3.39 l.04 4.43 2.26 0.89 3.15
3.16 1.04 4,20 3.32 l.04 4,36 2,21 0.89 3.10
3.,09 1.04 4.13 3.24 1.04 4.28 2,17 0.89 3.06
3.01 1,04 4,05 3.16 1,04 4,20 2,13 0.89 3.02
2495 1.04 3,99 3.09 1.04 4,13 2.10 0.89 2.99
2,86 1.04 3.90 3,02 1.04 4,06 2.05 0.89 2.94
2,81 1,04 3.85 2.95 1.04 3.99 2,01 0.89 2.90
2.74 1,04 3.78 2.85 1.04 3.89 1,96 0.89 2.85
2,67 1,04 3.71 2,78 1.04 3,82 1.92 0.89 2,81
2.60 1.04 3.64 2,70 1.04 3.74 1.88 0.89 2,77
2,54 1.04 3.58 2.64 1.04 3.68 1.84 0.89 2.73
2.47 1.04 3.51 2.56 1.04 3.60 1.80 0.89 2.69
2,39 1.04 3.43 2.50 1.04 3,54 1.76 0,89 2.65
2.32 1.04 5.56 2.41 1.04 3,45 1.72 0.89 2.61
2,25 1.04 3.29 2,33 1.04 3637 1.68 0.89 2.57
2,19 1.04 3423 2.27 1.04 3.31 1.64 0.89 2,53
2,12 1.04 3.16 2.19 1.04 3.23 1,60 0.89 2.49
2,03 1,04 3.07 2.12 1.04 3.16 1.56 0.89 2.45
0.99 1.04 2,03 2,08 1.04 .12 1.52 0.89 2.41
0,92 1.04 1.96 0.69 1.04 1.73 1,47 0.89 2.36
0.89 1,04 1,93 0.61 1.04 1.65 l.44 0.89 2.33
0.87 1,04 1,91 0.02 1,04 1.06 0.04 0.89 .93
0.03 1.04 1,07 1,04 1.04 0.89 0.89
1.04 1.04 1.04 1.04 0.89 0.89
1.04 1,04 1.04 1.04 0.89 0.89

1.04 1.04 1.04 1,04 0.89 0.89

S 3
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M. PROPOSALS FOR THE ORGANISATION OF INVESTIGATIONS,
DESIGNING, CONSTRUCTION AND OPERATION OF THE
YUGOSLAV ENERGY EXPORT SCHEME

In the complicated political conditions, when four countries -
yugoslavia, Italy, Austria and Germany, as well as four Republics of the
yugoslav Federation - Montenegro, Bosnia-Herzegovina, Croatia and Slovenia -
| are involved, the successful dgvelopmont of an energy export scheme will

1argely depend on the organisation that will have to be created to handle
the problems.

All the time and cost estimates quoted in this report are based on
the assumption that the investigations, designing, conntructidn and opera-
tion will be conducted efficiently and speedily. This will, obviously,in-
volve the necessity of providing the organisation in charge bf investigations,
designing eand construction with the negessary amounts of foreign and local
currency.

Although the financial considerations are of vital impprtanoe they
jo not by any means insure efficiency, speed and economy. The obnstruotioh
time schsdule and the costs can be kept within the prescribed limits if &
m@per.organiaation is created to conduct the work. 4And this organisation
‘must be much more efficient than any organisation of aimilaf kind operating in

 fugoslavia at present.

This organisation should be suthorised to handle the problem of energy
l sxports from Yugoslavia in its entirety, including the negotiations, investi-
’igations, designing and construction, as well as the.operation of the projeotg.
the work of this organisation should not beé encumbered with an excessive amount‘
of rad tape. It should have freedom to obtain the necessary equipmcnt,'h&ke
contracts for designs and construction and obtain technical advice and aisiatancé
from any place or organisation in Yugoslavia or abroad. It should alao have

the freedom to employ and discharge Yugoslav and foreign personnel and establish
individual payment rates,bssed on merit only, that would fluctuate within much .

' yider limits than those accepted in Yugoslavia at present.

.The attached organisation chart shows in & simplified form how it
would be possible to keep the international problems and the problems involving
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| fne Yugoslav Republica eeparated rrop the engineering probloml that uhould be

¥ nder & centralined guidance. (rig VI)
\

_ Thil chart provides for a chairman of the Qrganiaation who will be in R
’ complete oharge of tha whole: enterprise. His duties will include the guidanoo‘

‘ | of the Yugoslay membera on foreign committees as well as the coordination of the
mgoslar inter-republican committees. Direatly under the Chairman and reporting
w him only will be the responsible chief enginoer who will handle all engi-‘
peering problems as well as the economic and fipancial p;obleml di;potly con-

pected with the engineering ones,

P
The chisf enginesr should be authorised to get the assistance of en-

gineering and other organisations in the individual Republics. The necessity

snd extent of such asai;tance should be left to the 6hiéf engineer s judgement.

It ie believed that if such a division of authoriti‘and rdaponlibility'
'is accepted, a workadble and simple prganisation opuld be created and one cépaﬁie
(of realising the energy export scheme within $he shortest time and at the lowest

ost, .
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N. CONCLUSIONS

It would be in the interest of Yugoslavia to start the export of elec~
tric energy as soon as physically possible. That ise- important frbm tﬁb.;iéﬁpointi}‘
rirset, it will ahorten the period of time that hae to pass until the foreign cur-
c«ney income of the system can be made available to Yugoslavia. Second, andrthat
iz probably more important, it will create an atmosphere in which the negotiationas
~an be carried with the best advantage for Yugoslavia, To speed up the delivery

A\
of energy and to gain an advantageous position Yugoslavia should take the initia-

tive in this matter.

By utilising the Jablanica power plants, the construction of which has
-ynady rcached a fairly advanced stage, and some of the plants thét could be made
svailable in 8Slovenia by 1955 Yugoslavia could have the advantage of being able
to export about 1 000 million Kwh beginning with the winger 1955-1956, After this
rarly start the amounts exported cculd be gradually increased in every subsequent

vear until in 1961 the annual total reached about 10 000 million KWh,

Such a program involves in the course of the next eight years the in-
stallation of about 2 500 000 KW of hydro turbo-generator capacity in export power
plants and the building of about 2 500 km, of high tension transmission lines,

T™ig is an ambitious program but if the financial problems are settled by the mid-
dle of 1953 and if Yugoslavia decides to tackle the problem in an efficient manner,
tlie program is entirely feasible, Given these conditions, the initial energy de-

livery dates indicated in thie report could be adhered to, . ’

To attain these objectives, it will be necessary to create immediately
+h& energy export organisation and to put a Chairman and a responsible Chief En-
gineer in charge of 1t. These two should appoint the necessary staff so that all

engineering, economic and financial phases of the individual projects and of the

complete system could be worked out,

This Energy Exporting Organisation should start its work «ven before
the .opening of conferences with foreign countries and negotiation of financial
arrangements, Thie organisation should prepare concrete and concise technical
vrojects of power plants, substationé, tranamission lines and proposed opsration
cshedules, These projesots should be prepared specdily end in such a way thaf

they might easily be understood and discussed by the represéntativen of foreign
countries,

To make possible a speedy preparatiom of these data it would be neces-

sary to speed up the investigation work on projects where such work has already
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been gtarted and immedistely begin the investigation work on projects where no= =

thing or very 1little had been done so far,

The power plants and transmission lines suggested in this reporﬁ have
been selected with particularly careful consideration as to the poaiibility of
completing their construction and putting the various parts of the system in o
operation in accordance with the time schedule given in this repdrt, It is be-
lisved that the scheme is entirely realistic and if the neceséar& finénoial gup-
port is obteined, it would be put through by a responsible organiaation within
the time Yimits suggested in the report. | '

The energy should obviously be sold above cost. The selling price

should be such as to enable Yugoslavia to obtain a substantisl profit in each
speration year. If all expenses and capitaltchargol are.paia and the amortiaéf
tion charges are set aside in an amortisation fund, Yugoslavia will have, beside -
profits accruing during operﬁtion years, an Energy System in first class coﬁdf;
tion, After 1987, the Joan and investment charges will be dimcontinued and the .
System will be free from any'financial obligations, Such a state of affairs mayf”m o
not be realised in practice if it is dcemed desirable to expand the syastem from e

time to time and to invest some of the profits in such undertakings,

I+t would be advantageous for thoala#ia to use the foreign ddr;gncy;
that will be made available after the energy export eystem has been put in op;ré- -
tion to speed up the industrialisation of the country; It would be of advanﬁééer
o attain as soon as possible auch & stage of development in which Yugoélavia
:ould use all the energy it would be generating by that time,b After that‘iiléélﬁfwywm
complished Yugoslavia would contimiue to export a large amount of wintpf gnérg'
and imﬁort a correspondingly large amount of summer energy. Such a pattéfhhgf

energy exchange would be advantageous to the foraigh countries which mfgﬁt;‘fhere-

charge a low price for exported summer energy, The advantages of such an arrange

ient to Yugoslavia are obvious.

It must be constantly borne in mind that eyery delay in handling the
energy qxport problem will be of considerable disadvantage to Yugoslavia. It
will also be disadvantagoous if Yugoslavia does not take the initietive in l

natter,

)

ries:

Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3



Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3
N -3

2. Less reliable data concerning the estimated energy generation for
various projects, These data must be corrected as time goes on
and more measurements of railfall, snow accumulation and river
and spring discharges become available, It i® possible that some

of the present estimates are too low and some too high,

3. Unreliable cost data. These data must be considered only as an
indication of the order of capltal cost and of the cost of energy
generation, Xxtensive additional work must be dons to obtain

more reliable cost estimates,
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ATTACHMENT A

TOHINISKO JEZERO
BOHINJ LAKE

Belgrade
May 1955
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VISIT 70 THE BOBINJSKO JEZERO PROPOSED POWER DEVELQPMENT
December 5,1952 ‘

. By

A.V. Karpov, Consulting Engineer, United Nations chhdiqai‘
Aseistance Adminietration, Mission to Yugeslavia

1. This project contemplatel the use of the natural Bohinjsko Lake which
at present draine its water through the Sava Bohinjkl into the Sava River By o
building a low dam the river outflow of that lake would be stapped and the water‘

taken by a 15 kilometer long tunnel to the Doblar rgservoir on the 8Sod8a River
at Prapetno.

2. This proJect represents the most promieing storage reservoir dQVelopman+

that could be put in operation faater than any other projoota under considera-
tion at the present time.

3. , The propoaed -cheme of operation is to utilise in the summer only the
natural inflow of the lake to cover the daily peaks of the aya%oma, keepmng the
level of the lake practically conatant. During the winter time, the lake would
be drawn down through the 120 MW power plants and would be able to deliver 100
million Kwh in addition to the 200 million KWh of energy that could be delive—

red to cover the daily summer peaks.

]

4. "Gertain difficulties are expected in the driving of the tumnel. The
experience gained imn 1535 in driving a tunnel through tle same ridge indicates

the ocgurrence of large amounts of water when the limestone formations are

orossed,

5. The presence of that water creates two problema. First, to find outl if
there is any additional water that could be diverted into ths lake and second

T

to provide conditions under which the tunnel could be safely driven.

6. Due to the high head (370 m.)}, additional water that could be diverted
into the lake is very valuahle.- It ie estimated that each mj'of water repre-
sents 2 value of four dinars. Ynder this assumption, every ui3 per second

continuously delivered to the reservoir is worth 126 million dinars per year.

~

- Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3




Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3

The water that is contained in the limestone formetionm in ail'probability es~

capes the lake and finds its way imto an adjoining valley at a lower elevatiéﬁ}

7. It is suggested that as a part of the investigation or thiu pxojoot
& pilot tunnel of about 2 meters diameter would be driven through tho ridge
parallel to the proposed main tumnel at about 10 @ horizontal distance tron it
and 2 m below the main tunnel. This tuanel would draia the water from the
limestone formatione and make the driving of the main tunnel safe. 1In driving
the pilot tunnel all necessary precautiouu<muat'be taken to lgfoguarq‘the liV!l

of the labour in case a sudden inflow of water uhould oceur,

o

8. This pilot tunnel will bde ultimately directly eonnected with the lakev

and utilised as a drain tunnel divertins at least 8 part of the water from the

limestone formations into the lake. During the constructiom period the water

must be pumped from the outlet of the tunnel into the lake, afterwards no pump-
ing will be necessary. ‘Phe amount of water thus obtained must be meaauxea,:fW f¢&1‘“

After this measurement has been made through & one year pariod it can be eati-

mated how many additional drainnge tunnels , and maybe also orosn tunneln, can
be economioally Justiried to assure that as much water as po-aible could be
delivered in the lake.

Ljudbljana,.

December 7, 1952. (4. V. Kerpov)

Gonsulting Engineer,United Natjons

Technical -Assistance Administration

Mission %o Yugoslavia

The astached drawing 'Boiinqlko Lake - Soéi‘nivir Plant" lhogqiihg
features of the project. ' -

~

LoSie
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Fig 7
Report by
BOHINOSKO JEZERO
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Report

by
A.V.Karpov

ATTACEMENT "B

CETINA RIVER

Belgrade
May 1953
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VISIT OF THE PROPOSED HYDRO ELEGTRIC PLANTS ON THE CETINA RIVER
December 18th, 19th and 20th 1953

. by

A,V, Karpov, Consulting Engineer, United Nations Technical Ausis-
tance I[ission to Yugoslavia,

l. The part of Dalmatia in the meighbourhood of 3plit possesses a number
of industries chemiocal and others that require a large amount of electric snergy.
Jew plants are proposed to inorease the industrialisation of this region, At pre-
sent the Tito hydroelectric power plant supplies the major portion of the hydro-
pleotric energy. The small power plants MgnoJjlovac, Ruski slap and Jaruga supply
sdditional small parts of the emergy, The Tito powerplant, the largest hydroplant
in Yugoslavia (600000 KW) can supply a large amount of energy during the winter
onlys During summer the river flow diminishes to about 10 % of the average flow,

2. The proposed development of the Cetina River in combination with the
higher loocated livaneko, Lamocko, Kupresko and Duvanjsko Pclje and the Busko Bla-
to are intended to increase the generating capacity to about 600.000 KW and to
equalise the generation of the Tito plant by supplying from storage reservoirs
larger amounts of water during the summer season,

3. The Cetina River has been inspected from Peruce to Omis where it en-
ters the Adriatic Sea, Due to time limitations and unsatisfactory road conditions

it was impossible to visit the Livansko, Lamocko, Kupresko and Duvanjsko Polje
and Busko Blato,.

4s A dam is proposed on the Cetina River at Peruca which would create
s reservolr in the upper portion of the Cetina River. That reservoir will deli-
ver the water through a power house back to the Cetina River. That water will

sgain be utilised in the Tito hydroplant and in a proposed plant at Solin or Po-
ljica,

5« Considerable investigation work has been dons at Peruca. Thig work
bas been inspected in detail, The geological conditions are such that a limesto-
e (karst) intrusion is formed on the top of the Dolomite which forme & trough
@ynclinale) the eiges of which are above the proposed reservoir level, No water
¢scape therefore is possible to valleys outside of the Cetina River valley,

6. The inspection of the boring cores and the tunnels at the right and
P left river shore as well as a vertical shaft at the right side of the river have
g been carefully carried through, The impression gained is that the limestone for-
g re131ons are forming a number of layers interposed by sither soft material or by
f layers of rock that becowes saft and degintegrates under the influence of air

gl :nd water. A number of cavities that are large at the surface are also filled
g§vith soft material, The formation in itself appears water~imper vious. In some
grlaces the water however passes through breaks in the limestone. Such breacks
sre irregular and in some places form sizeable canals through which water may
Mflow that finally appears on the surface as a spring,

7. Insofar as the stirength of the materiail is concerned, it appears
that 1n spite of the great strength of the limestone itgelf displacements may
ocour, if sufficiently large forces are transmitted to the soft material inter-
Hrosed between the limestone layers., Consideration is being given to the construc-
fliton of a conorete arch dam. In the lower parts of the proposed dam-side the
Hrofile is rather symmetrical and topography favours the building of an arch-dam.,

i
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At higher elevations at the right side the river the surface incline is much leas
than at corresponding elevation of the left side resulting in considerable dis-
symuetry. If an arch-dam would be conatructed at the higher elevations, it woulad
be necessary to place a very heavy concrete block tu take the arch thruest at the
right side,

8, Summarising these conditions it would appear that the building of an
aroh-dam will not be safe and very expensive, The side thrust in an arch-dam
muat be taken by the rock formation with the minimum displacement, The soft ma-
terial interposed between the rock-formations will permit a large displacement,
If an attemptwill be made to wash out the soft material and replace it by cement,
the established equilibrium of the rock strata will be disturbed, The interpo-
sed soft material layers are inclined and during the washing out period the rook
strata will lose its support, It is also doubtful if the large cavities filled
with soft materials can be satisfactorily washed out and refilled with conorete,

9« It is recommanded that a dam more suitable to the ground conditions
will be built. The shortage of other material will indicate that the rockrill
dam will give a more suitable solution.

10, Insofar as the possibility of looeing of water from the reservoir is
concerned the danger involved seems to be over estimated. The material itself will
not let any large smounts of water to pass, It is necessary to find the breaks in
limestone and the channels through which the water passes or may pass. All such
possible water passage channele must be closed. Practiocslly the same work in
closing of such channels will be neceseary regardless of the height of water in
the reservoir., There at present is considered & scheme to build the project im
two steps. Firast ito raise the dam to 35 meters and in a seoond step to inoreame
the height of the dam to 50 metres. Such procedure muet be considered very un-
desirable and the cost of the completed project will be much higher than if 1t
is built in one step., The safety of a two step dam will be consideradbly lowered,

11, It does not seem advisable to limit the ultimate height of the Aam
to 50 metres. The height of the dam should be so determined that the cost of a
ocubic metre of stored water will decome & minimum. The estimate supplied imndica-
te that such minimum cost will be obtained 1f a dam higher than 50 metres is
built. The feares expressed that with the higher dam 1t would be more diffiocult
to retain the water in the reservoir ‘do not seem to be justified. The limestone
formationmsof this particular valley are of much higher quality than in most of
the limestone valleys of Yugoslavia, The matter limits itself not to the quali-
ty of the limestone, but to the sealing of any possible water-passages, That
will require a very through investigation along the line of the proposed dam
by borings and sealing by grouting, This esealing line or ourtaim must be exten-~

ded at the right and left ends of the dam eo that the water could not bypass-
the sealing ourtain,

12, It is suggested that along the centre lime of the dam or parallel
to it a number of uniformly and closely spaced small diameter exploration bo-
rings will be made to the depths of 150 metres below the level of the present
river water, These boringes should be tested for water tightness and the depths
of the grouting holes should be determined on the basis of the rssolts of titcew tests
obtained from the exploration borings. The grouting curtain should bde formed by
$wo rows of borings located parallel of the exploration borings upstream and
downstream. The exploration borings should be left intact until the grouting
is completed, so that check water tightness tests can be made, It does not ap-
pear likely that many of the grouting holes should de more than 50 metres deep
below the bottom of the river, The observations made indiocate that the danger
zone ir rloser to the surface and that not many water channels are formed far
%£lcm the surfaca.

Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3



m"m@:mg{;w%

e s

Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3

A¥t.B-3

13. If grouting holes will be encountered that could nct be sealed by
grout, additiomal holes must be sunk around that partiocular hole and the under=-
ground cavity must be sealed in that way. If the additional grouting holes are of

oty ) -

sufficient diameter, graded stone oan be lowered so as to reduce the amount of
grouting material., In the worst case, if & very large cavity 18 encountered, which
{s not very likely, it may be necessary to sink a shaft in this particular loca-

] tion to odtain 2 satisfactory sealing off.

d Zagreb, December 22nd, 13952

AV, Karpory
Consulting Engineer, United Ka-
tions Pechnical ApSistance Admi-
nistration, Missior to Yugoslavia

Mo attached drawings Fig.8- ®Situation of the Hydroeleotric Power Plants on the
stina River - I - Location Map" and Pig, 9 - "Situation of the Hydroelectric
Power Plant on the Cetina River - I - Longitudinal Profile® show the major fea-

2 tures of the project.
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EXPORT OF ELECTRIC ENERGY FROM THE NERETVA RIVER

Conference with Elektroprojekt, Sarajevo, and visit to the proposed power plant
sites on the Neretva River upstream and downetream of Jablanioca,

Y

1 b o T s o

By

A.V. Karpov, Consulting Enginesr,
United Hations Technicel Agsistance Mission
t0 Yugoslavia

1. The following power plants are pro jected or under construction at the
present time 3

a., Ulog reservolr i gstorage capacity about 500 millign m3, average net
head at the power plant 257 m., average flow 31 m” =8ec, Energy output
550 million KWh.

b, Glavatilevo reservoir : storage cepaciiy about 300 million m:. dam
height about 120 m., average flow 60 m” -sec,, average net head 89 m.
Energy output 370 million Kwh,

c. Lluta reservoir : storage capacity about 20 million m3, dam height
about 40 m., average net head 40 m., energy output 175 million KWwh,

d. Jablaniocs reservoir : storage capacity about 300 million m35 danm
height 70 m., maximum heed at,the power plant 110 m,, average flow
Neroetva 87 m” -sec., Rama 35 m =sec., together 122 m” -sec. Power plant
ig at presenmt under conatruoction which may be completed within two 4 1]
four years. Energy output 714 million KWh - 144 MW - or 780 million
m—200w.

e. Canyon section of the Neretva between Jablanica and the Solakovac epn-
trance into the Mostar Polje is about 60 km long d a usable head of
60 m could be obtained here. Average flow is 135 m -seo, Studies are
being made at prézent %o determine the most favourable number of steps
in which that sectiom of the Neretva should be developed for power
purposes. (Prenj 40 m., DroZanka 20 m. - 60 m.) :

£, Downstream of Mostar Polje to lapljina a head of about 93 m. is avai-
labie, Studies are being made to determine in how many steps this
stretch could best be utilised for power and irrigation purposes,
(solakovac, Bukovi, Mostar 3x19m, - 4x9m - 95 m)

g. In daveloping the Neretva River below Mostar, consideration is being
given to the necessity of providing looks in order to make river na=-
vigation sossible on the stretch between the new port of Kardelje-
vo and Mostar. At present Neretve is navigabdle for about 40 km from
it2 mouth to the towm of Metkoviéi. Total power output downstream of
Jablanica amounts to 1710 million Kwh,

2e Rama, betweeﬁ the Rama springs and the normal level of the Jablanioa
reservoir : a neat average head of 295 m. is available, storage capacity of
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f‘about 400 million mg, average flow of 35 ms-aec. coming from the springs, Power
' output 700 million XWh. (whole Neretva System 4,285 million KWh.) :

o 3, - During the discussion it transpired that no particular difficulties .

f stand in the way of aasigning the whole of the Neretva River, including the

® Jablanica plant under consideration and the Rama River plant, to the export of

s electric energy. Provisions must of course be made to cover the local demand,
but this could easily be arranged by utilising first the Jajce II plant, which
should be put in operation shortly and by building new hydro power plants on the
Vrbas, Ssne and Bosna River, '

4, Certain doubts have been expressed about the possibility of delivering
energy from the Jablanica plant in 1955. It was thought that the completion of

the transmission 1ine and the obtaining of additional equipment may delay the

initial energy delivery date until 1956, If all the equipment required oould

be obtained imn due btime, the 1955 energy delivery date appears feasible.

Se The Jgblanica power plant capacity is insufficient for the delivery of

a large amount of energy in winter time, The storage capacity of +this plant 1s
also insufficient, big head losseg -dccur in the discharge of water to the turbi-
nes and there are some other features which are not suitable for an energy export
plant, which should be very reliable and absolutely safe., With the oxception of
the storage capacity, all the other drawbacks «~f the Jablaniocs power plant could
be rectified before the plant is put in operation.

6. The increase c¢f the Jablanica plant capacity would imply driving a third
tunnel from the reservoir to the power house. If that is done, a common water
collector in front of the plant would be required. The capaclty increass can te
achieved either by extending the cave and placing two more aggregatze in the
plant or by substantially increasing the capacity of the last two aggregates.

Te ' The shortage in storage capacity can be partly remedied by & speed de~
velopment of the etorage ompacity of the two plants to bs located ¢m the Neretva
River upstream of Jablanica. Preliminary investigation of these projects are al-
ready in such an advanced stage that it is felt that the final drawings could be
prepared within a few monthe amd construotion sitarted immediately after.

8, It would appear that the Jablanica plant and the Rama and other projects
in whioh money hae been investigated could be turned over %o the electric energy
export organisation. The cost of these plante could be reimbursed by the said
organisation and the building of new plants to cover local demand oould also de
started without further delay.

e I+ transpired during the ubovq discussion that if a final decision on the
export of emergy were made, all the details could be agreed upor within a very
short time,

Dubrovaik,
April 12, 1953 A.V. Karpov,
' Consulting Engineer UX
- Technical Assistance, Mis-
sion to Yugoslavia

%he attached drawings Fig. 10 - "Neretva River Power System - Situation Mep"
and Fig. 11 - "Neretva River Power System - Longitudinal Profile" shows the
presently worked out projects. The work to be dome will include the reworkine
of the projects to reduce the number of the small power planis amnd inecreass
their size,-
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EXPORT OF ELECTRIC ENERGY FROM THE mnﬁn:m nxm ‘usn

Visit to the proposed power plamt sites on the Trebiﬁn:ic& hiver,‘to the entruloe'
of the power oanal and tunnels and to the proposed ioottion of the ﬁnpski Zaliv
powsr plant between Mlini and Cavtat in the vicimity ot hubrovnik o

April 9 - 11. 1953

By

R, Vv, J(arpqv,
Consulting Engineer,
Upited Nations Techniocal Assistance
Mission to Yugoslavia

1, The Trebiénjica River is formed by two atreama near the town of Bileéo

at an elevation of 327 m. The easters stream flows from Gataocke Polje (940 m.)
and the western onme (Cepeljica) from Fatnica and Dabar Polje (470 m). Both of
these streams are fed by a large oatchnont area, The river flows to the south
until it reaches the town of Trebinje where it turns to the west and flows into
the Popovo Polje. Just upstream of Trebinje two tributaries join the Trebi!njica,

the Susica and the Oxo River, it is supposed that they collect their waier in
Trebinjsko Polje - a plateau with an approximate elevation of 173 m, E

2. Bogining from Mirusa Polje, Jjust below the cprilgs, and ap to the town
of Trebinje, Trebifnjica flows in a valley that outs an 8 xm long stretoh of doe~
lomites interposed with limestone formations, It appears that these limestione
formations are not karstified, the character of topogranhy and of the geologi-
cal formation is suoh that if & reserveir is created the escape of water from
this reservoir would be very unlikely. '

3. Downstream of Trebinje, the Trebi¥njica flows in a valley formed in
karstified limestones with a large number of ponors. As the river approaches
Popovo Polje the pomors increass in number and sometimes also in size, All these
ponors feed the water into the Adriatic Sea; along the seashore there are many
springs some of which carry large emounts of water.

4. The capacity of ponors is not large, compared to the amcunt of water
that Trebisnjica dischargesinto Popovo Polje. As a result, Popove Pclje is
" £looded in winter and many months pass before the water recedes through the po-
mors., Popovo Polje itself is a very fertile agricultural area with am aradle
surface of 8000 hectares, The long time it takes to draim Popovo Polje after
the winter floods 1s a considerable drawback for its cultivation, Already a lomg
time ago plans have been made to build canals and tunnele that would provide for
a quicker drainage of the Polje,.

5« The present combined power and irrlsation project provides for the
ocutting off of the Trebidnjica River from the Popovo Polj)e and discharging the
water through a tunnel into a power plamt to be erected on the Adriatic Sea sho-
re in the viocinity of Dubrowvnik, Popovo Polje would then be supplied with a suf-

ficient amount of water for irrigation purposes, This water would ‘flow through
an irrigation canal and the mecessary meaaurel should be taken to prevent water
lossos through the ponors,

S
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6. A storage reservoir could be oreated sbove the town of Trebinje. If
this storage reservoir is large enough the character of flow of the Trebisnjica

gRiver will make it poseible to supply practioally all energy available during
vrinter,

7. The gprimgs and the upper streams of the Trebisnjica River supply
gen average of 90 m” -mec. of water, After the reservoir has beea oreated, the

[ saprings will be ocovered with about 70 m, of water. Such a counter-pressure may
produce a chamge ia the regime of the sprimgs. The present outflow of the springs
represents the matural equilibrium conditiom that has beem schieved sfter maRy
thougand, perhaps evem million years. The coumter-pressure will substantially dis-
tort that aatural equilibrium, It is-possidla, therefore, that the water may find

2 way of lesser resistence and the outpus of the aprings may csonsiderably decrease,

8. To retain the output of these sprimgs om am umobanged level it would
be necessary to investigate the flow of the sprimgs more extenaively, It would be
desirable to drive tunmels at the height of the maximum water level in the reser-
volir, which tummel would lead the sprimg water directly into the reservoir inter-
pepting it at a higher elevaifom., The watorways leadimg to the lower elsvation
ghould be ocut off by grouting or some other suitadle meams, It is possible that

by oreatimg suoch an imflow of small resistemce the discharge of the springs will
be imoreased.

9. Am imspeotiom of the proposed dam locatioa mear Grancarevo dis-
cloged thatv instemnd of the rookfill dam there may be a possibility to build a
conorete dam upstream of the proposed locatiom in & marrow canyon, The advisa-
bility of choosing a conorete dam is emphasised by the difficulties of obtaining
s satisfaotory water discharge arramgement for a rookfill dam, The maximum amount
of water that has been obgerved o the TrebisSmjica River was 1500 m” ~sec, at
Dobromami amd about 900 y -sec., at the dam site, The overflow capacity of the
dam should be made.sudstentially higher,

10. If the geological investigation that should be made et the proposed
locatiom of the concrete dam shows satisfactory rook conditioms it will be possi-
dle to build am arch dam here, Otherwise it will have to be & gravity dam. In
both cases 1t will be possible either to obtaim a sufficiently well regulated
ovérflow capacity or to discharge the water through the dam in a number of re-
g:lated "gky jumps®,

11. Very careful consideratiom should be givem to the height of the

j dam that will create a storage capacisy sufficient to operate the power plants
i 50 a8 to De able to deliver all the energy during the winter under the Trebil-
® njica flow conditione which vary from year to year,

i 12, It is proposed to build a secomdary dam below the maimn dam near
| the Oko 8pring, The elevatior of this dam is to be such that the reservoir would -

j 80t reach the tailwater of the power house which would adjoin the main dsm. The .
designers attempt to justify such a loss of head by the wish to avoid the flooding
of some areas along the river, It is proposed to move the secondary dam downstream,
closer to Trebinje, to a place called Gorioa. It is assumed that the dam should

be 8o high that the reservoir would reach the tailwater level of the upstream

power house, It is mecessary to comsider adjustments amd protective measures thaf

b aust be taker along the banks of the reservoir and to make estimates of coste,

f After that an opiniox could be formed as to whether it would be more advisable

j to loss a certaim amount of head by lowsering the reservoir or to carry out the
recapsary adjustments. It is oatimaged that the storage capacity of such a re-
~servoir would be about 20 milliom m”,.
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13. The power house is to be located next to the secondary dam. The
operation of this power house must be coordinated with the operation of the up-
per power house so as to provide a sufficient waterflow to be supplied to the
main power house near Dubrovnik. :

14. The water will flow in the Trebisnjica River through the town of
Prebinje. It ie proposed to bdbuild a dam on the outskirts of the town, which
will force the water into a canal leading to the tunnel. At present Trebismjioca
hes not a sufficient water carrying capacity and the town of Trebinje is threa-
tened by floods. When bdbuilding the above project, measures should be taken to
protect the town from any eventuality of flood danger. These measures could be

listed as follows:

a) A protective dyke on the right bank of the river, upstream of
the dam.

b) Regulating gates of sufficient capacity and with low sills to
be installed at the dam pepmitt;ng a quick discharge of the ra-
pidly rising flood waters of the Trebisnjica. .

¢) Dredging of the Trebisnjica bed below the dam to increase its
water carrying capacity.

15. A natural small arm of the Trebisnjica River is to be ueed &8 &an
sntrance to the power canal., It would be desirable to make a modet of the Tre-
bisnjica River, both above and below the dam, and of the entrance to the power
canal. The purpcse of the model would be to determine the most favourable con-
figuration of the canal entrancse to prevent the entry into the canal of silt,
gsand and stones that may be carried by the river.

16, The proposed canal should lead the water to a shallow depression
called "Mokro Polje"., The turnels will start from this depression near Zgonjevo.
At present, Mokro Polje collects the rain water and discharges it into a number
of ponors. The purpose of using Mokro Polje was on the one hand to decrease the
length of the tunnel and on the other hand to oreate a small regulating reservoir
between the canal and the tunnel, The shallowness of Mokro Polje and the coet
of sealing the ponors makes the utilisation of that depression somewhat questiox-
able. Due to the shallowness of the depression all the dirt and sand which will
be washed into it by rains will be carried into the tunnels and discharged through
the turbines., If a larger storage reservoir is to be created by the erection of
a dam mear Gorioa, the regulation could be made from that reservolr and the canal
and tunnel handled as ome unit. In order mot to lose the flexibility of opera-
tion during sudden changes of load conditions at the maim power plent, the dspth
of the camal should gradually increase when approaching the tunmnel entrance,

17. The original project calls for an unlined canal, The impo rtance
of the project would, however, make it desirable to have the canal lined over its
whole length to prevent anylosses of waler or interruptions 6f service that may
arise if the unlined canal has to be repaired.

18. The project provides for a single, some 9 km long, tunmel extending
from the power canal to the maim power plant on the .Adriatic shore. This par?
of the project reises & number of questiors. First, except for data obtained by
‘gsurface geological observations, nothing is known regarding the rock formationm
through which the tunnel must be driven, It will be therefore advisable to drive
a pllot turnel before dstermiming the final sligomemt of the tunnel., If the geo-
logical conditions are satisfactory, the pilot tunnel oan be enlarged to the size
of the power plant. If not, the alignment of the tunnel can be changed. . The
pilot tunnel can also be used to drain out or to pump ocut the water which may bve
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"encounterad in the limestone formations that have #o be crossed by the tuamel,
The second question concerns the size of the tunnel. The proposed tunnel has a
diametar of about 8 m. If the rock formation is satisfactory, there should be
no difficulty in driving such a tunnel., If, on the other hand, it proves to be
unsatisfactory, 1t might be preferable, more expedient and more economic to drive
two tunnels. Third, the =mall size of the tunmel and the resulting high water
velocity (about 3 m per sec.) will ocause & loss of about 25 m. of head in the
tunnel, The proposed inovde of operation of the power plant will require a full
load to be delivered practlically all the time during the winter., It should be
determined whethsr the high head losses are justifiable or whether it would be
more economic to 1lncrease the croes-section of the tunnels and to decrease the
veloclty and losses.

19. An inspecticn of the proposed power house site showed that a care-
ful investigaticn by boring ic necessary before a final location could be selected.
It is proposed to start the investigation by making borings on the shore of the
Zupski Zallv, in the dolomite block north of Robinson'’s house,

0. If the foundation conditions a4t this location are satisfsctory,
there is a possibility tc build an underground or semi-underground power Mouse.
A detailed topographic survey should bs made to determine the penstock looation.
It appears possible to bring the watsr down from the tunnel in a vertical or in-
clined shaft and tc make the penstock connections from such a shaft.

21. The material that would be brought out of the tunnel could be usged
to provide & level area for the outdoor switchyard. The method of connecting the
power plant with the high tension transmission line will require a consideradle
amount of study. It may eventually prove necessary to use high tension cables to
bring the energy up from the switchyard to the top of the hill where regular trans-
misgslon lines could he started.

22, The only method by which the power plant equipment can be deli vered
will be by ship. It will therefore be necessary to provide & pier with the neces-
sary crane facilities so that the heavy pieces of machinery can be unloaded from
the ship and transferred to the power plant crane.

23, Provisions should be made in the design to prevent the sea water
from entering the draft tubes of the power plant. That is particularly neceasary
because during summer the plant will be practically closed down and ne fresh wa-
ter will flow through the draft tubes.

_ 24. The building of the project will cause a considerable decrease of
the diecharge of a number of springs that originate in the ponors along the Tre-
bisnjica River downstreem of Trebinje and on the Popovo Polje, Dubrovnik and some
other communities may thereby experience a shortage of water, It will be neces-
sary to adjust the conditions eventually by providing water to be pumped frem $he
dreft tubes of the main power house, For this and some other pnrposes it may bde
necessary to keep the powsr plant ip nominal operation during the summer monthus.

25, It would be desirable te start without delay the inveetiguiions,
the results of which are required for the preparation of blueprints for the final
project. The locsl authorities telieve that the necessary funds and authorisation
0 start the work will be obtained in a few days and that the investigations could
be started immediately after the authorisation has been issued.

Dubrewnik, A.V. Kazrpov,

April 13, 1953 Consuliting EBngineer,
UR Technical Assistanos
Mission to Yugoslavia.
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EXPORT OF ELRCTRIC ENERGY FROM THE ZETA RIVER BASIN

Jonferences in Wikiié and Titograd amd imspection trips to Upper and Lower
Zeta hiver, Imspectiom of proposed storage reservoirs, ocanal and tunnel
looations and power plant loocations.

April 14-18, 1953
by

A.¥. Karpov, Consultinag
Engineer, United Nations
Technical imsistance
¥ission to Yugoslavia

l, The Zeta River flows from the southern emd of the Nik§ié Plateau pas-
eing the town of Xik51é at the aprroximate elevation of 600 m., After the platean
1s passed there is no continmuation of the river flow in the accepted sense ‘of the
word. The water-is taken up by a number of ponors. The_last ponor is ome of the
largest in Yugoslavia. It has a capacity of adbout 150 n> per sec, All these ponors
lead the water through the limestone formation into the lower valley. '

2. In the lower vallsy, at an elevation of about 40 m. the river is formed
again; the ponors discharging the water in the shape of numerous springs and in
some placea forming éffective waterfalls, In the lower valley the river passes

through the city of Titograd and then joina the Morada Rivar which di scharges into
the 2kadar Igke,

3+ The power development project aims at ocreating a number of storage re-
servoirs in the Nik#ié Plateau and at intercepting the Zeta River by means of a
law dam and directing it through a canal to a 3.5 km long tunnel that is to be dri-
ven through the mountain range segregating the Nik&ié Plateau from the low valley
of the Zeta River, In this way a bruto head of about 540 m. ocould de utilised,

4. The Zeta River is typical of the Yugoslav Adristic hydro-power belt
rivers, There is a considerable flow in winter which diminishes and begomes inei-
gnificant in aummer, During the initial years of energy export when the amount of
energy involved will not be large, it will be possible to adjust the load, It would
therefore be possible in the beginning tb utilise the Zsta River flow without sto-
rage. The storage facilities coudd be added later whem the total amount of energy
required for export has been imcoreased.

5. 8uch an arrangement would make it possidle to utilise the 2eta River
energy for export at an early date., The dam on the river, the canal, the tunnsl and
the power house ocould be built and rut in operation within three years, The high
tension transuission line from Zeta to the distribution substation in Slovenia xould
also be completed within the same period of time. That would make it possidle to
deliver from the Zeta 0.6 billion kwh in the course of the first year,

6. The storage reservoirs may take more time to complete and it is sugges-
ted that they be completed in two steps., The completion of the first step would
take one year after the power plant has been rut in operation and add annually 0,2
billion kwh which could probably be compleated a year later, may add another 0,2
billion kwh to the exportabdle total, .

7. The Zegta project is loocated about 575 km from the distridution sudbsta-
tion in 8lovenia. The transmission line betweem these two pointe is the longest

Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3




T s = LI

2 o Y M s 1 .

Approved For Release 2010/09/10 : CIA-RDP83-00423R000900250002-3

ATt B-2

" proposed in the Yugoslav electric energy export system., This will tend to imcrease

the cost of energy transmission and cause diffioulties im operation, On the othe:
hand, the Zeta project is most desirable from the export viewpoint because of the

' character of the river flow, the speed with which the run-of-river plamt can be-

put in operation and the low cost of the project. The Zeta project is in fact the
least expensive of all, both per kw installed capacity and per kwh of energy avai-
lable for export,

8. The ILiverici project om the Gradanica River (a tridutary of the Zeta)
is at present in the stage of aotive conetruction, It 1s a small power plant of
8,800 kw installed capacity whieh is intended for local purposes. Another small
project designed to cover local needs, the Bjelosevima projeot under comsideration,
is to be located above the first mentioned plant om the same river.

9« A certain amount of data has been collecfed ard some preliminary in-
vestigations carried out for the main Zets River project. The driving of the main
tunnel is to be started shortly.

10, If the Zeta River 1s designated for export purvoses it will be nece-
ssary in the first place to go over the project in order to determine what revisi-
ong would be necessary to make it suitable for ar emergy export project.

11, The proposed accumulation reservoirs at the Xrupacko Polje aand Slanc
Polje do not seem to be very suitable. If they are to be utilised it would cauase
the lose of about 10 m, of available river head, The Krupaoko Polje would not
permit the raising of the level of the reservoir. The Slamo Polje has a bastter
topography and it would be poseible, the geological conditionmns permitting, to
raise the level of the reservolir here and obtain a large storage capacity without
losing 10 m. of the river head. Both of these 1eservoirs are seemingly supplied by
water from springs which do not originiate in the Zeta River, It will therefore
be necessary to investigate these springs, captage them and drive tunnels that
would take the water from the springs to the storage at Slano Polje, Both of the
said reservoirs have ponors which ought to be inveatigated and subsequently sea-
led. These investigations would take some time to complets and might delay the
completion of the reservoirs.

12, It appears that better storage reservoir possibilities exist on the
Gradanica River, It would be necessary to investigate the maximum storage capaci-
ties tbat could dbe created on that river, These storage reservoire should be in-
cluded in the Zeta power project and operated as a vart of the emergy export
aystem,

15, The Zeta River will be intercepted before it reaches s regiocm where
a large number of ponors, some of them of considerable capacity, are located,
Before the river is interocepted it passes over a number of small ponors all of
which must be located and sealed,

14, The open canal through whioch the water from the Zeta dam 1s directed
to the power tunnel, must be lined to prevent any possidility of water losses and
minimise the number of possible service interruptions. On the other hand, the
canal should be traced in such a way as to minimise the possidility of service
interruptions due to mountain slides and other ocauses,.

15. The power tunnel does not dbqn to presemt any particular diffioul-
ties, Very careful conmsideration should be given to the dimemsioning of the tun~
nel, At present it is designed for a maximum flow of 60 wJ-nec. The amount of water
that should pass through the tunmel must be increased to make it suitable for the
export of large amounts of energy during winter., High velocities of water in the
tunnel, and, therefore, high head losses are accepted in the present design, Con~
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gsidering the high cost of energy to be exported in winter, high head losses would
prove very uneconomical., It is, therefore, necessary to make a careful determina-
tion of the best economic cross-section of the tunmel. It would prodably bte advan
tageous to drive two tunnels instead of one.

16, There is a number of varionts for the ntilisation of water coming out
of the tunmnel, The main difference is as to whether the water is to be utilised
in one or two power plants. From the export viewpoint it would be highly desirabl
to have as few power plants as possible, The largest unit obtainadle should bde
installed in each power plant, From this point of view a single powsr plant woulc
be mueh the best solution. A reasonable golution would be to put the power house
underground ard gt gyeb a low lewsl toat s tailvater tunnel could discharge the
water directly into the lLower Zeta. The loocal engineers prefcr a two-powerhouse
scheme. The coat of either ons- or two-powerhouse scheme is practically the same.
They believe, howsver, that the work on a two-powerhouse scheme is simpler and
can be completed within a shorter time. The turbin- generator aggregates would be
smaller and could, therefore, be easier obtained in Yugoslavia. The penstocks
would require less steel.Topography permits the use of an upper cenal from the
tailwater of the first plant to the forebay of the second. The guestion of re-
ducing the number of power plants and aggregatos comprised in the export system
is of vital importance and the whole matter should be rooconsidered in the light
of this statement. It may be advisable to import the penstocks and aggregates in
order to build a really suitable export energy plant.

A.Y. Karpov,
. Consulting Bnginesr,
Titograd, UN Technical Assistance

April 19, 1953 Mission to Yugoslavia

The attached Fige. 14 - "Zeta System - Looation Plan" and Fig. 15 - "Zeta System
= Diagramatic Longitadinal Profile” show the major features of the projeot.

The attached Fig, 16 "Zeta River Plant - (ne Step nzvelopment - Overground Po-
wer House" and Fig, 17 "Zeta River Plant - One ~tep Development - Underground
Power House” chov: the inwe veriants of thr proposed single powsr house project.
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